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PREFACE. 

There are already several books on Pumps, but most of 
them are so advanced in their treatment of the subject as 
to be above the ordinary workman or student, and none 
of them give the elementary information he requires, 
neither are the small details of construction entered into 
in them. 

The subject matter of this little volume comprises a 
series of Lectures on the subject delivered to students at 
the Regent Street Polytechnic, and afterwards published 
in the pages of The Plumber and DecK'raior, 

For presentation in book form they have been 
carefully revised and corrected, and it is hoped they will 
meet the need of those who require theoretical and 
practical information of an elementary nature on the 
subject. 

The Author trusts that this may meet the same kind 
reception that has been accorded his previous 
publications. 

J. WRIGHT CLARKE. 

The Regent Street Polytechnic, 
London, W. 

April, i8g8. 
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PUMPS. 



Pumps that are in everyday use will be 
taken as our first subject The common 
leaden *' jack pump " is much used, and we will 
describe its parts and construction. Fig^. i 
is a section in which G is the ** suction " pipe, 
or the pipe that extends from the pump to 
below the water surface in the well or under- 
ground reservoir. H is the tail valve or 
'* sucker," as it is usually called, made of elm. 
An enlarged sectional drawing of this is shown 
in Fig. 5. In the latter figure, I is a lead 
"clack," generally cast by the plumber in a 
'* clack mould," with a ^* tang " for passing 
through the piece of leather, J, and ri vetted on 
the other side and nailed to the sucker at K. 
In Fig. I, L is the pump barrel, sometimes 
made out of a very strong piece of lead pipe, 
although a great many are cast in moulds. In 
some parts of the country plumbers make the 
barrels themselves out of plate lead, | in. to i in. 
thick, and *' ladle burn " a seam on the side, as 
was described in my book "Plumbing Practice." 
The head, M, is only used on cast lead pumps. 
When the plumber makes the barrel himself it 
is usual for him to make it long enough above 
the nozzle N, to answer the purpose oi the head 
and prevent the water overflowing the top when 
the nozzle does not take it away quickly enough. 
The "bucket" O is made of elm, and an 
enlarged section is shown by Fig. 2. A 
piece of leather, P, is nailed on near the bottom 
end. This is sometimes called the "bucket 
leather" and sometimes the "cup-leather." 
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2 LEAD JACK PUMPS. 

Inside the latter is fixed another clack and 
ieather as was described for tbe sucker. The 
bucket is fastened onto the rod Q, made of 
wrought iron and having a flange, R, upon it, 




by means of a "split-key," S, and an iron 
washer to prevent the key cutting into the 
wood. The pump handle, T, Fig. j, is made 
of wrought, although a great many are now 
used made of malleable- cast, iron. The handle 
works on a pivot or " pm," U, in the wooden 
plank V, which is mounted on a piece of oak, 
fixed over or at one side of the well, with 
bracing pieces to keep it steady and prevent 
rocking. The pin U is sometimes Sxed by a 



CONSTRUCTION. 3 

screw, through a flattened head which projects 
through the side of the wood plank. 

Fig. 3 shows this pin and also the evil 
result of fixing it. By frequent usage the part 
at W is worn away, and an equal amount of 
friction in the hole or eye through the handle 
results in the latter also being much worn. If 
the pin is not fixed it revolves by the action of 
the handle, and in this case the hole through 
the plank wears away instead of the bolt. To 
prevent either of these evils the hole in the 
plank should be made large enough, and brass 
or gun-metal " bushes ^ inserted for the pin to 




Fig. 2. 

work in, the latter being free to revolve, and 
having a capping piece fixed over the end to 
prevent it working out of the plank. 

In Fig. I, it will be noticed that the pump 
head is notched into the plank. This should 
always be done, or other means taken, to pre- 
vent an up and down motion in unison with the 
handle when being worked. Neglect of this 

B 2 



4 LEAD PUMPS. 

precaution results in the suction pipe becoming 
detached from the pump, or in such a leakage, 
by which air can enter and prevent a vacuum 
being formed, that no water will be raised. If 
water refuses to come when the pump is worked, 
although the distance is not too far, the plum- 
ber's first suspicion is generally that there is a 
hole in the suction. To find if this is so the 
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Fig. 3. 

handle should be worked for a few minutes and 
then the ear placed close to, or touching, the 
nozzle. If a slight " sissing" noise is heard it 
will generally be found that the plumber's 
suspicions were correct, and there is either a 
hole in the pipe or the latter is cracked. 

Another cause of the suction pipe leaking is 
careless or improper fixing, so that the whole 
weight is hanging onto the pump. A flange 
soldered on as shown at X, Fig. i, helps to 
support the weight of both the suction pipe and 
pump, the base Y being either a piece of oak 
plank, or. a stone slab, perforated for the pipe to 
pass through. .Where the vertical length of 
pipe is several feet similar planks extending 
across the well, or perforated stone corbels 
built into the steining should be fixed, and lead 
flanges soldered on similar to that shown at X. 

As a further support some plumbers will in- 
sert a wooden plug in the bottom end of the 
suction and nail on a piece of board, as shown 
by Fig. 4, to rest on the bottom of the well. 
This also helps to keep the pipe from stretching 
and sinking into the mud, which would be carried 
up and clog the sucker and bucket clacks. 
When the well is sunk in sandy or other loose 
soil the perforations, Z, should be kept up some 
distance from the bottom. When the pump is 



CONSTRUCTION. 5 

to be used for sewage and similar liquids it 
then becomes necessary to have a strainer, as 
shown by dotted lines, or fix the pipe in a 
second chamber into which the liquid matter 
only is allowed to flow or pass. There are 
several details in putting a pump together ready 
for fixing that require considerat on, and we 
will now dwell upon them. It is very rarely in- 
deed that the soldered joint to the tail is 
properly socketted. Fig. 5 shows how it 




Fig. 4. 

should be done. It will be noticed that the 
suction has a male, and the tail piece a female, 
end. Whenever it is necessary to repair or 
renew the sucker the rod shown by Fig. 6 has 
to be used. The end has a screwed point which 
is forced into the lead clack for pulling the 
latter off the sucker. Or an iron wire with bent 
end is passed down the barrel, the bent end 
worked under the edge of the clack leather, and 
the latter held open until the sucker rod has 
been passed through and the harpoon end 
placed under the bottom edge ready for 
dragging it out Should the rod be lowered 
too far, and the soldered joint socketted the 
opposite way to that shown in the figure, the 
harpoon end would catch on the edge of the 
lead pipe, and the latter would be injured and 
torn. With the joint as shown in the figure 
this cannot occur. 
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To fix the sucker hard hemp, in distinction to 
soft tow, is wound round the outside and melted 
tallow poured out of a ladle onto it, the whole 
being held on the point of the sucker rod, which 
is screwed into the lead clack just sufficient 
to hold it, and then lowered into its position in 
the pump. The rod is then unscrewed, taken 
out, reversed, and the sucker driven down by 




Fig. 5. 

the flat head, A, Fig. 6. When taking the 
sucker out for repairs some plumbers will first 
pour boiling water into the pump, others will 
burn straw or paper, or surround with hot water 
rags, on the outside of the pump tail. This 
remelts the tallow, and also slightly expands 
the lead, so that lesser force has to be used to 
get the sucker out. 



BUCKETS AND SUCKERS. 7 

The hemp should be wound on very tight, 
and be not less than half-an-inch from the top 
edge. It loosely done, too much used, or too 
high up, .<iome portion will project above the 
sucker, get beneath the clack leather, and pre- 
vent its closing properly. The leather should 
not be too large, and it is an advantage to 
allow for a probable stretching, otherwise it 
will rub against the side of the barrel. A 
clear space should be left, as shown at B, 

Fig. S. 
The bucket should be well soaked for an 

hour or two in water before using, otherwise it 
will split when nailmg on either the outside or 
the clack leather. The leather is generally of 
the kind used for boot soles, and called " water- 
dressed," although some plumbers prefer " oil- 
dressed" for lead jack pumps. A strip about 
i in. longer than the girth of the bucket, and 
from liin. to 2 in. wide, according to the size 
of the pump, is well soaked in water and then 
the ends and one edge chamfered on the rough 
side. It is then nailed onto the bucket, as 
shown at P, Fig. 2, small copper nails being 
used, and care taken that the bottom edge does 
not project above, but is even with, the groove 
cut in the wood. The clack should be fixed 
before the cup leather is nailed on and freedom 
at the edges allowed for, as described for the 
sucker clack. 

The buckets are generally bought, although 
some country plumbers who have lathes will 
turn them themselves, and have a small hole 
through them for fixing on the rod. To enlarge 
this to the exact size the end of the rod is made 
red hot and forced through the hole through 
which it burns its way. This should be done 
very quickly and the whole immediately 
plunged into water, otherwise the hole would 
be burnt too large, and the bucket could not be 
firmly fixed on the rod. Iron washers and a 
"split key," as shown at S, Fig. 2, are used 
for the latter purpose. 

Great care has to be taken in mounting the 
bucket rod and pump handle. If the pin in the 
plank is too high up, so much water is not 
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raised, owing to the shortness of the stroke, 
and the bucket is drawn partly out of the top 
of the barrel If the pin is too low down the 
bottom of the bucket knocks on the top of the 
sucker at each upward stroke of the handle. 



I 





Fig. 6. 

Another evil in the latter case is the bending of 
the bucket rod, or the wearing and distorting 
of the inside of the top of the pump barrel by 
the rocking to and fro, as shown by dotted 
lines. Fig. i, at each up and down stroke of 
the handle. 

When preparing a square cast lead head for 
soldering on the barrel and nozzle, the holes are 
best made by burning, or melting, through with 
a red hot plumbers' iron. This does not dis- 
tort the lead so much as when they are cut with 
a chipping knife and hammer. With a cast lead 
Dump the end of the nozzle is soldered on the 
inside of the head, and as near the bottom as 
possible. The barrel joint being wiped on the 
outside. The end ot the barrel should project 
about i in. to { in. above the bottom of the head, 
and thus lessen the risk of anything falling in 
and getting jambed between the bucket and 
sides. All jack pumps with open tops should 
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be encased with woodwork to prevent anything 
falling in and injuring any parts. No doubt 
many readers can recall similar experiences to 
the writer's, where mischievous children have 
stood at a distance and pitched pebbles into 
the nozzle, and can realise the difficulty of 
getting them out again, especially after an 
attempt has been made to work the pump. 

The diameter of the suction pipe is usually 
considered as half that of the barrel. That is 
a 4 in. pump should have a 2 in. suction, and a 
3 in. pump an i^ in. suction. These sizes have 
become established by practice. We will deal 
with this matter and the principles of the action 
of a pump before describing any other kinds. 

To thoroughly understand the action of a 
pump it will be necessary to first explain what 
" atmospheric pressure'' means, as this influence 
has a great deal to do with the subject When 
reading the weather reports, as published in 
newspapers, we find the statement " Barometer 
30*0 in. over the Spanish Peninsula ; 29*9 in. in 
Sweden; 2978in. at Brixton;" and so on for other 
parts of the world or our own country, the 
figures varying from day to day and.almost hour 
by hour. Accompanying these reports is a 
paragraph stating "The barometrical readings 
are corrected to sea level, and reduced to 32 
degs. Fahr." 

The atmosphere surrounding our earth 
presses, we may say almost like water, in all 
directions. As we leave the earth and get higher 
up into the air, as when mountain climbing or 
ballooning, the pressure is reduced, and as we 
go down, into a mine for instance, it is increased. 
The height of mountains, or balloons when 
soaring, can be found by the use of a barometric 
tube. As the air is of different densities at 
different heights, for the purpose of making cal- 
culations it is necessary that some datum should 
be fixed to work from. As we live on the sur- 
face of the earth it is found to be convenient to 
have some level as near as possible to that in 
which we live and this, fixed upon by scientists, 
is the "sea level." Heal has an influence on 
atmospheric pressure. Heated air is expanded 
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air. A cubic foot at 32 degs. Fahr. weighs 
'0807 lbs., at 22 degs. '0824 lbs., and at 42 degs. 
'0791 lbs. Hence the necessity of taking note 
of the temperature when making calculations as 
to atmospheric pressure. The datum for this is 
32 degs. Fahr. Old pump hands no doubt have 
noticed that on some days a pump fixed just 
within the limits will deliver a iair amount of 
water and on other days will not deliver any. 
This has arisen from the variations in tempera- 
ture and atmospheric pressure. 

A barometer is an instrument by which we 
measure the air pressure, and consists ot a tube 
having one end sealed and made air-tight, and 
the other end bent upwards as Fig. 7. The 
length of the longest part being about 36 in., 
and the short one 4 m. This tube is filled with 
mercury, care being taken to get out all the air 
otherwise it will not act properly. When filled 
and stood upright, as shown in the figure, an 
empty space, or vacuum, will be left at the top, 
B, and some portion of the mercury overflow 
the short end C. A further small quantity being 
emptied out and a float placed in the end with a 
thin cord attached and passed over a pulley 
wheel, D, with a small counterbalance weight at 
£, the whole constitutes an ordinary barometer. 
The dial or pointer moves round as the air 
pressure varies and the mercury is pushed up 
into the vacuum at B. The instrument is some- 
times called a '* weather glass'' and the face, or 
dial plate, which is not shown in the figure, is 
marked with terms denoting the state of the 
weather. But it is only a weigher of the density 
of the air. As variations in the latter usually 
precede a change in the state of the weather the 
barometer is a valuable aid to foretelling what 
form those changes will take. 

If the measured distance between the exposed 
surface of the mercury in the short leg and 
that in the vacuum end of the tube is 30 in. we 
then say the barometer reads that pressure. 

Anyone can make an instrument for demon- 
strating atmospheric pressure. Buy a strong 
glass tube with about tin. bore and 34 in. long 
and seal one end by the aid of a flame and blow- 
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pipe. Also buy a small glass jar, about the size 
of those supplied with cheap bird cages, and 
one to two pounds of mercury. Stand the tube 
on its closed end, in a basin or saucer to catch 
spilled mercury, and fill qjuite full Pour the 
remainder of the mercury mto the glass cup or 
jar, place a finger over the open end of the 
filled tube, invert it and plunge it into the jar. 
On removing the finger some of the 
mercury will pass out of the tube and leave 
a vacuum in the top. On measuring, it will 
generally be found that the distance between 
the surfaces of the mercury in the vacuum and 
open jar will be 30 inches. 

We can now place an india-rubber bung, with 
a hole through it, on the tube, and lower the jar 
and immersed end of the tube into a wide- 
mouthed bottle, as shown by Fig. 8. Through 
a second hole in the bung pass a piece of glass 
tube having a stop-cock, or a piece of india- 
rubber tubing with a brass spring clip instead of 
the cock. II the bung fits quite air-tight, and a 
person blows through the small tube Into the 
bottle, the atmospheric pressure inside will be 
increaed, and some of the mercury will be 
forced up the tube into the empty space at the 
top end. If, on the contrary, some of the air 
is sucked out of the bottle, the pressure will be 
reduced, more mercury will run into the cup and 
the vacuum space at the top end of the tube 
increased. Blowing into the tube has the same 
effect as if the apparatus had been lowered 
down a deep mine or seme position consider- 
ably below the level of the sea. Exhausting 
the air produces the same result as if the tube, 
&c., had been carried up a high mountain. 
From this we find that, measured from our usual 
datum, the pressure of the air will support a 
column of mercury, in a vacuum, to a height of 
30 in. 

If the pressure of the atmosphere is taken at 
sea level, the temperature as before stated, and 
we find it will support a column of mercury at 
the above height, we then know that the air 
pressure is equal to 147 lbs. on the square inch. 
To find this we multiply the weight of i cubic 
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inch ot mercury, -4903 lbs., by the height of the 
column in the vacuum tube, which is 30 in., or 
•4903 X 30= 14709°. <"■ '47 'bs. in round num- 

If we were to take a tube about 35 It. or 36 ft. 
long, seal one end, as we did with the mercury 
tube, lay it in a long trough qi water and slightly 
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Via. 7. Fig. 8. Fig. 9. Fig, 10, 

raise the open end for the air 10 escape and 
water to take its place, and then stand the pipe 
upright without taking the open end out ol the 
water we should lind that a vacuum would be 
lell at (he top similar to the one in the mercury 
tube. But in this case, roughly speaking, the 
measurements would be in feet instead of 
inches. This is a difficult experiment 10 use in 
a class- room owing to the unwieldy length of 
the tube. But we can continue our illustrations 
and show by another small tube the relative 
weights of mercury and water. 
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Take a piece of i in. or } in. glass tube about 
5 ft. or 4 ft. long and bend one end, about 5 in. 
or 6 in., as shown by Fig. 9, and stand on the 
bent end. Pour mercury into the tube to a 
height of about 3 in. It will be this height on 
both sides of the bend as the ends are open and 
the air can escape as the mercury is poured in. 
Now pour water into the long leg until it is 
filled or nearly sa On looking at the mercury 
we find it has risen in the short leg and lowered 
on the opposite side, as shown by the dark part 
in the figure, and by measurement we find the 
difference in height is about 3 in. I said about, 
because it is difficult to take an exact measure- 
ment owing to the refraction of the glass and 
the surfaces of the mercury not being even, but 
raised, or convex, in the centre. To find if the 
3 in. is correct, we can measure the height of 
the column of water above the mercury and 
divide by the specific gravity, or relative weight 
of the latter when compared with that of the 
former, which is 13*596, or say 13*6, at a tem- 
perature of about 60 degs. F. Assuming the 
water measures 3 ft. 4 in. in height. Then 
3 ft 4in. or 40 in. 4- I3'6=2*94 in. as being 
the exact difierence in the level of the two 
columns of mercury in the bent tube. 

Our experiments have shown : — 

(a) Under ordinaryconditions the atmospheric 
pressure will support a column of mercury in a 
vacuum at a height of 30 in. 

(d) One inch of mercury exerts a pressure of 
13*6 times that of an equal bulk of water, and 

{c) The pressure of the atmosphere is equal 
to 147 lbs. on the square inch. 

With this knowledge it is easy to calculate 
the depth from which a pump will raise water, 
and the rule is as follows : — 

Divide the atmospheric pressure in lbs. per 
square inch by the weight of i square inch of 
water i ft. high. In a previous lecture we found 
the latter to be •4341b. Then i4.7-f434= 
33*87 ft. or 33 ft. loiin. nearly. 

This distance measured from the top of the 
valve in the pump bucket to the surface of the 
water in the well is the extreme limit The 
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weight of water in the pipe and the atmospheric 
pressure on the outside water are in a state of 
equilibrium. In this state no water would be 
delivered by the pump. If the distance is 
measured from the sucker clack no useful woi k 
would be done as the water would not be pushed 
any higher than that level. 

When pumping, it is found that the surface 
subsides as the water is drawn up, hence 
a pump may answer satisfactorily for a short 
time and then "give out," as it is called, 
although there may be plenty of water at a lower 
level. Afcer an interval it will again do what is 
required and after using again give out. This is 
because the water surface exceeds the theoretical 
distance below the bucket. It is necessary to 
again remind the student that temperature and 
atmospheric pressure have to be considered, 
and that i in. of variation in a mercury baro- 
meter is equal to about I3^in. in a water 
barometer. To find the working height of a 
pump we add together the amounts we should 
allow for probable contingencies and have : — 

ft. in. 
Subsidence of water in the well, say 3 o 

Variation in barometer = I in. ... i i^ 

Length of bucket stroke 9 

Which gives a total of ... 4 loj 

and this must be deducted from the 33ft. 10^ in., 
which leaves 29ft. On no account should a 
pump be fixed with its bucket more than the 
latter distance above the water it is to raise. 
In everyday practice it is as well to reduce the 
distance to 25 ft. or less. 

The above distance can be varied for hot and 
sea waters, the former being lighter and the 
"^2<^fttjieavier than ordinary or spring. If 
springwatet^^2 degs. Fahr. weighs 62-32 lbs. 
per cubic foot, at^.2 degs., or boiling point, it 
weighs only 59*82 lbs.v ^V working this out as 
in previous problems, ^^ find that the theoreti- 
cal height to which boiliV& water will be pushed 
when the mercury baror^^^er stands at 30 in. 
is nearly 34 ft. as against 33't. lo^m. with the 
cold water. But here anoth*"^ ^^^^^^ ^^^^ ^^ ^^ 
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considered. Water boils at 2i2degs. in an 
open vessel, when it may be said to be under 
a pressure of one atmosphere. If this pressure 
is reduced the boiling point is at a much lower 
temperature. Water heated in a flask or vessel 
to iSodegs., and then placed under the receiver 
ot an air pump will boil violently, and lar^e 
quantities of steam be given off when the 
pressure has been reduced to half an atmo- 
sphere. Even with a defective air pump, the 
writer has found water to boil as low as 
i2odegs. Water in a suction pipe of a pump 
will boil at a very low temperature and give off 
large volumes of steam. This interferes very 
much with the quantity of hot water raised by 
a pump. 

If we take the specific gravity of sea water 
as 1*027 ^y calculation we Snd that a cubic foot 
weighs 63*98 lbs. If we divide this by 144 we 
have '4443 lb. as the pressure on a square inch 
for one foot in height. And 147-r '4443=33*08 
or say 33 ft, this being the theoretical height to 
which sea water of ordinary density would rise, 
in the suction pipe of a pump, above the level 
of the water surface. 

We now know the limit from which water can 
be raised by a pump to its own height. 

It may here be considered convenient to refer 
to the action and limits ot a syphon. If a tube 
is bent to the form of a fl it will form what is 
commonly known as a syphon. If filled with, 
and one end placed in a vessel containing, 
water, the contents of the vessel will run out of 
the outer tube until the inner end is exposed so 
that air can enter, always provided that the out- 
side leg was the longer of the two. If the bent 
tube was filled and then the two ends dipped 
into cups or other vessels, as shown by Fig. 
10, the contents of the latter would stand at 
the same level, and if water was dipped out of 
one and poured into the other, it would at once 
run back until the levels were again the same. 
And this would act with tubes of any size and 
any length within the limits that have been ex- 
plaine'd in connection with a pump suction. A 
row of water vessels all connected by means of 



1 6 SYPHONS. 

syphons which were charged would remain 
filled to the same level, provided they all stood 
on the same horizontal line. If one vessel is 
raised or lowered, the contents will be syphoned 
out in the former case and increased in the 
latter. To test this with a water syphon to a 
height of 33 it. lo^ in. would be a troublesome 
matter, and would require an arrangement of 
stop cocks for filling and starting, but here 
again we can make use of mercury. If the 
arrangements shown by Fig< lo were charged 
with mercury the same results would obtain as 
with water, if the length of the tubes was less 
than 30 in., measuted irom the surface of the 
contents of the vessels. But if this height was 
increased only i in., or if the atmospheric pres- 
sure, as registered by a barometer, was 29 in., 
the syphon would cease to act and, if made of 
glass, an empty space, or vacuum, would be 
seen at the top. We thus find that pumps and 
syphons are bounded by equal limits as to 
the height at which useful duty can be per- 
formed. 

In previous remarks the word "push" has 
been made use of, and it now becomes necessary 
to explain the meaning or application of that 
term. With junior students there is an impres- 
sion that the water in a pump suction is dragged 
or lifted up when the handle is worked much in 
the same manner as if the water was a solid 
body, or had sufficient tenacity to resist being 
pulled asunder. Water does cling together it 
is true, but the cohesion is so very low that 
there is little or no difficulty in separating por- 
tions of it. When the handle is first worked 
the bucket is perhaps several feet away and is 
not in contact with the water in any way. 
When a pump is first fixed there is air inside it 
and also in the suction pipe. This air exerts, 
as we have already found, a pressure of 147 
lbs. on each square inch of surface exposed to 
it. And this amount of pressure is exerted on 
the surface of the water inside the pipe as well 
as on that outside or, as we usually express it, 
the pressures are in a state of equilibrium. 
When the pump handle is raised and then 
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lowered the bucket first descends and then 
ascends. When ascending it lifts up the air 
pressing on its upper side, and in doing this 
takes off that on the water inside the suction 
pipe. The internal and external pressure being 
unequal, that outside, on the surface of the 
water in the well, being the greater pushes the 
water up into that part where the atmosphere 
is no longer exerting any pressure. After the 
first stroke, when some of the air has been ex- 
hausted out of the suction, the remainder being 
no longer pressed closely together by the weight 
above it, expands and becomes less dense. 
The handle being again worked more air is 
lifted out, the remainder is more rarefied, and, 
by repeating the operation, becomes so thin as 
to approach what is generally termed a vacuum 
in the containing space. External air presses 
or pushes the well water into this space, 
and the working of the bucket then lifts some of 
the water out leaving a vacuum behind which is 
again filled as before. The water above the 
bucket is lifted out, but that below is pushed up 
as above stated. 

And so with a syphon. But in this case the 
tube has to be first filled with water before 
placing in position, or the air has to be drawn 
out by some means until none is left, after 
placing in position. When charged, the water 
in the outside, or long leg, is heaviest and falls 
down, and more is pushed up the inner leg by 
the atmospheric pressure on the surface of that 
in the vessel. And this goes on so long as any 
remains or until the inner end is exposed and 
air can pass in. To restart the syphon this air 
must again be exhausted. 

To work a pump a certain amount of force or 
power must be exerted. With a jack pump the 
appliance is a lever, or as we call it, the handle. 
The advantage of this mechanical appliance can 
be explained by studying a pair of beam scales, 
as shown by Fig. 11. Assuming that the 
scales are exactly balanced and are hung on the 
extremities of the arms the same distance from 
the pillar, or fulcrum, a weight of ten or any 
number of pounds placed in one pan would 
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balance an equal weight placed in the other 
side. But in this case there is no %SLin of 
power. Ten pounds of applied power only pro- 
duces ten pounds of work done by lifting, as the 
power and work are balanced and the two move 
through the same distance or space in the same 
time. If we were to move the pillar nearer to 
one of the pans and assume that they were both 
adjusted so as to still balance each other, then a 
large weight in one pan would be necessary to 
raise a small one in the other. And on the con- 




Fig. II. 
trary, a small weight at the long end of a lever 
would support a heavier weight at the short end. 
Assuming that Fig. 12 is a balanced lever 
supported on a centre or fulcrum at F. W is a 
weight to be lifted, and P is the weight or 
power to be applied to lift W. 
The formula for working this is 

WxS 

L 
W being the weight. 
S the length of the short arm. 
L the length of the long arm. 
And P=: the power to be exerted. 
Ws=ioolbs. 
S= 6 inches 
L= -50 inches 
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Then P= -i^^-^ = 20 lbs. which would just 
30 
balance W. 

Or if we take another example to find the 

length of the long arm and 

W = 500 lbs. 

S= 12 inches 

P = 40 lbs. 

The formula becomes 

J WxS 
L=-p— or 

T 500X12 , . 

L= ^ =150 m. 

40 

The length of the long arm to balance W. 

In the case of a jack pump the power is 

derived from the man who works the lever or 

handle. As the man exerts his power at arm's 

length he cannot do so much work as if the 

lever was placed in a more favourable position, 

or where he could stand over and push and pull 

with least fatigue to himself. When using an 
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ordinary pump the man has to first raise the 
handle, and, if the latter is properly balanced, 
this does not require much exertion. But 
when pullmg it down he must use sufficient 
force to raise the load hanging onto the bucket 
at the other end. For continuous work at arm's 
length an average man cannot pull down with a 
power exceeding about 20 lbs. of weight, and 
we may take this as a basis for calculations. 
In our lever problems this would be looked 
upon as a constant P. 

We will now deal with the weight to be raised, 
that is, the column of water on and under the 
bucket. The rule for this is : — Diameter of the 
cross section of the pump barrel squared x the 
distance from the surface of the water in the 
well to the surface of that in the pump x '34. 

c 2 
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Assuming a 3 in. pump and 20 ft. as the 
height of the column of water. 

Then 3^ x -34 lb. x 20 ft. =61 i-5th lbs. In 
this rule '34 lb. is the weight of water contained 
in I ft. of I in. pipe, and is found by dividing 
62*5 lbs. by 144 in. and x 7854. If the length 
of the bucket end of the handle is 6 in. long, 
measured from the centre of the plank pin to 
the centre of the bolt of the bucket rod, we can 
then find the length of the handle necessary for 
a man to use the pump with useful effect. 

Then, usin^ the same formula as for the 
lever : — 

61 lbs. X 6 in. 366 ,0- . 
=~^ — = loi m. 

20 20 

This length would not allow space for the 
man to grip with both hands at the extreme end 
of the handle, and in addition there would be 
no preponderance of power over load. To 
make an allowance for this at least 6 in. should 
be added onto the length of the handle, thus 
making it 24 in. long. 

We may. take another example with 25ft 
length of column and a 4 in. pump. Then 
4'^ X '34 lbs. X 25 ft = 136 lbs. to be lifted. If the 
length of the short arm is 7 in. we then have 

136x7^051 .6 in. 

20 20 

as net length of handle to which should be 
added 6 in. for reasons above given. 

The total length of about 4 ft. 6 in. would 
make the handle unwieldy and difficult for a 
man of ordinary stature to work. Neither could 
he reach high enough to get the full length of 
stroke, which should be about 12 in. m the 
barrel of the pump. To do this his hands 
would have to travel a distance of over 7 ft. If 
the handle was 3 ft. long his hands would pass 
through 5 ft. 5 in. of space, and if 2 ft. 6 in. 
long, the distance would be 4 ft. 5 in. 

Fig. 13 is drawn to scale to more clearly 
explain this. To work the 4 in. pump and get 
the full effect a shorter handle should be fixed 
and two men employed if for continuous work. 
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One man would perhaps be able to gel uselul 
effect, but tor a bfaoit time only. 

Ill these calculations we have assumed that 
the handle just balanced the short aim and the 




weight of the bucket and rod, and not made any 
allowance for friction of ihe bucket leaiher 
against the inside of the barrel. This should 
be done. When the bucket is going downwards 
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tlie friciion is very small, but when rising it is 
considerable, as the leather is pushed or pressed 
closely to the sides of the pump. As friction is 
pi oporiional to load^ the greater the depth from 
which the water is being raised the greater the 
friction. No fixed rule can be given that would 
suit all conditions, but we may assume that two 
pounds on the errd of the han<lle would be an 
average allowance to overcome the additional 
load in the form of friction. 

Mention has been made that, when properly 
balanced, not much exertion is required to raise 
the handle. But if we were to make the latter 
heavier than the bucket and rod we should then 
have to exert more power when raising the 
handle, but less when pulling it down. Advan- 
tage can be taken of this to lighten the man's 
labour when pumping. Assuming that the end 
of the handle is swelled out to the form of a 
bulb at G, Fig. 13, and that this and the handle 
itself weighs ten pounds more than the weight 
of the bucket and rod. If we deduct from this 
the two pounds we allowed for the bucket 
friction we have eight pounds remaining, and 
this is equal to adding that amount of power to 
the man's arms when pulling down. 

To show the advantage of this we will again 
take the problem of the 4 in. pump with the 
25 ft. column of water. 

Then ' ^ . ^ =34 in. as length of handle, 
20 

to which we may add a few inches for gripping 
as before. On referring to Fig. 13 it will be 
seen that the man's hands would travel a distance 
of about 5 ft. 5 in. Although we have gained in 
power we still find that the task is too heavy 
for one man to work at continuously for any 
length of time. We could still further reduce 
his labour by shortening the distance the bucket 
travels. This would be done by reducing the 
length of the short arm of the handle. Although 
his actual efforts would be less they, would have 
to be sustained for a longer time if a given 
quantity of water has to be raised. 
If the short arm was 6 in. long, instead of 



POWER OF HANDLES. 23 

7 in., we should then find, again using the last 

problem, 

136 X 6 204 ^^ , ^.v . 
:i— g^ = --3=29 i-7thin. 

as the net length, to which add 6 in. as before = 
35 in. On referring to Fig. 688 it will be seen 
that the hands travel a distance of 4 ft. 5 in., 
which is a great saving on the preceding 
example. 

It may have occurred to readers that the 
weight of water restmg on the bucket and con- 
tained in the suction pipe has been assumed to 
be the same as the contents of a pipe equal in 
area to the full size of the barrel In other 
words that the suction is the same diameter as 
the barrel. In practice, the diameter of the 
former is usually half that of the latter. In a 
4 in. barrel and 2 in. suction the contents are as 
4 is to r. Consequently the water in one foot 
of the pump weighs four times as much as is 
contained in one foot of the pipe. But we are 
not dealing with weight of water, but with 
atmospheric pressure. When raising the bucket 
we raise the water which is above it, and also a 
column of air of the same diameter as the 
barrel. And the weight of this is equal to a 
column of water of equal diameter with 'the 
pump, assuming it is fixed within the proper 
limits or distance from the water in the well. 

If the suction and pump are of equal 
diameters the latter will work easier, although 
there is a larger quantity of water in the former. 
By reducing the size of the pipe we make the 
work harder for the operator. It may here 
be stated that friction increases as the 
square of the velocity. If a 4 in. pump has a 
12 in. stroke, is worked at the rate of 30 
strokes per minute, and the up and do«vn travel 
of the bucket take equal times, Uhe water is then 
moving at the rate of one foot each alternate 
second. If the suction was of equal area to the 
barrel we should have the same velocity in both. 
But if we fix a smaller suction then the water in 
it must travel at a higher speed. With a 2 in. 
suction the speed would be four times that in 
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the 4 in. barrel. And the square of 4 = 16, or 
the number of times that the friction would be 
increased over what it would be if the pump 
was of the same diameter. 

The writer has seen jack pumps fixed with 
suctions much too small. For instance, 3 in. 
with I in., and 4 in. with i^in. suctions. This 
is always a false economy, as, although there 
may be a slight saving in the first cost, extra 
effort is required to work such fittings, and wear 
and tear of the human frame should always be 
considered in our calculations. At all events, 
it is not necessary to waste strength on unpro- 
ductive results. 1 he diameter of the suction 
should never be less than half that of the 
barrel. 

Inertia of water is another factor which 
should be considered in pump work. Like all 
inanimate bodies, water has no power in itself 
to move nor to stop when in motion. When 
pulling down a pump handle, the first part of 





Fig. 15. 

the labour is expended in overcoming the 
inertia and putting the water in motion. The 
rest of the stroke, after movement has been 
started, being much easier. With ordinary 
jack pumps this extra eflfort is required at each 
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Stroke. When the suction pipes are very short 
this does not much matter, but when they are 
very long it will economise labour if an air 
vessel is fixed, as shown by Fig. 14, when the 
pipe is vertical, or as Fig. 15 when horizontal. 

To explain the advantages of air vessels, we 
must first remember that air is elastic and can 
be compressed into a smaller space or expanded 
to fill a larger one. In either case the air 
retains its physical or natural property of re- 
turning to its original density when oppor- 
tunity offers. The air in a vessel attached to 
the suction pipe of a pump is rarefied or made 
thinner by the weight of water in the pipe 
beneath it, and which is drawn down in 
common with all bodies by the attraction of 
terrestial gravity — the opposite force being 
the pump bucket by which the air in the 
first instance and water afterwards is lifted 
out of the barrel as fast as it is pushed up from 
the well. 

To make the action clear, we may try an 
experiment with a piece of flexible indiarubber 
or a spiral spring. If one end is fixed to a 
beam, or similar support, and a weight sus- 
pended from the other, the spring will elongate 
or stretch. A gentle pull given to the weighted 
end would still further stretch the spring, and 
on releasing the pull, the extra tension being 
removed, the weight would rise to its first 
position. 

After starting the pump and exhausting the 
air out of the suction pipe, that in the vessel is 
stretched or expanded to a certain degree of 
rarefication, and remains so, although the pipe 
is full of water, until the handle is again 
operated when it is still further expanded. As 
soon as this extra tension is removed the air in 
the vessel begins to return to the same state it 
was before, and to do this water must rise in 
the suction pipe. During the time this is 
occurring the pump handle is being raised for 
the next stroke., so that when it is pulled down, 
the water in the suction being already in 
motion, so much effort is not required at the 
commencement of the downward stroke. 
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The best position for the vessel to be fixed 
in the suction pipe is as close to the tail valve 
of the pump as may be convenient. 

The advantage of an air vessel is particularly 
noticeable where a pump is fixed a considerable 
distance from the well. The writer had a case 
a few years ago where a pump m a rose garden 
was used for raising liquid sewage from an 
underground tank distant about loo yards. The 
vertical height to which it was raised being 
about 1 5 ft. An air vessel made the pump much 
easier to work. We have now dealt with 
(a) a jack pump and its parts and construction, 
(^) the power to work it, (c) how to calculate the 
length of the handle, (//) the size of suction 
pipe, and (^) the advantage of an air vessel 
when the suction is very long. We may now 
consider the useful effect to be got out of a 
jack pump. 

The theoretical quantity of water raised in a 
given time is found by multiplying the squared 
diameter of the barrel in inches by the length of 
stroke by the rate or speed of working, and by 
'034. Example, a 3 in. pump, with 9 in. stroke and 
30 strokes per minute. How much water raised 
in one hour? 

Then 3- x '034 x 75 x 30 x 60=413*1 gallons. 

Worked as follows 
3^=9 in. 
X '034 = Contents in gals, of i ft. of i in. pipe. 

.306 = Contents in gals, of i ft. of 3 in. pipe. 
X 75 = 9 in. in decimal parts of i ft. 

1530 
2142 



•22950 = Contents in gals, of gin. of 3 in. pipe. 
X 30 Number of strokes per minute. 

6-88500 
6q Number of minutes in one hour. 

413*10000= Gals, per hour the answer. 

Another example with a 4 in. pump, 12 in. 
stroke and 20 strokes per minute. 

Then 42X •034X i x 20x60= 652'8 gallons 
per hour. 

The rule can be varied to find other factors 
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besides the quantity raised. As an example : 

Find the diameter of a pump to deliver 1,500 

gallons per hour with a 12 in. stroke worked at 

20 strokes per minute. 

The rule arranged as a formula is 
I 7^ ' 



D=N| 



CxSx MxL 
Where G= Gallons raised. 

„ D = Diameter of the pump in inches. 
„ C = Contents in gallons of i ft. of i in« 

pipe = -034. 
„ S = Strokes per m inute. 
„ M = Minutes per hour. 
„ L= Length of stroke in feet. 
Then 

D^J Il??_ ^6-063 in. 

>i 034 X 20 X 60 X I 

or say 6 in. the diameter irequired. 

Or assuming that we want to find the length 
of stroke, other particulars being given. 

Example : a 4 in. pump, 25 strokes per minute 
and 700 gallons raised per hour. 

The simplest method is to first find what the 
pump would discharge with a 12 in. stroke. 

Then 4^ x '034x25 x 60 x 1=816 gallons dis- 
charged with a 12 in. stroke. 

And as 816 gals. : 12 in. : : 700 gals. : 
10*294 in., which is the length of stroke for 700 
gals. 

In these calculations the length of stroke has 
been taken as representing the length of a 
column of water, of the same sectional area as 
the pump barrel, discharged at each completed 
motion of the handle. When the latter is 
raised part of the bucket rod and bucket, 
which was above the water line, is immersed 
and displaces some of the contents of the barrel 
causing them to flow out of the nozzle. On 
pulling down the handle the bucket rod is 
raised out of the water, and the quantity flowing 
out of the nozzle is not the full contents of the 
barrel but is minus the space which was occu- 
pied by the rod. But the completed up and 
down stroke raises the quantity which we found 
by our calculations. 
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We have now to consider the difference be- 
tween theoretical and actual work done by a 
pump. The former we have already dealt with. 
To get the full effect the pump must (a) be in 
thorough order and condition, {6) worked at a 
certain spead, (c) the bucket should work con- 
centrically with the barrel, and {d) fixed with 
due regard to the principles that have been laid 
down. Failing these conditions the results are 
below those arrived at in our calculations. 

Dealing with (a). If the pump has holes in 
the suction pipe, air will be drawn in and less 
water delivered. If the bucket leather is much 
worn, or the inside of the barrel bruised, or 
roughened by corrosion, or if the clack leathers 
do not fit tight, less water would be delivered 
and an allowance for "slip" must be made in 
all calculations. (^) All pumps work best at 
certain speeds. If too fast or too slow the full 
effect is not attained, although slow speeds do 
less injury than the fast to the working parts. 
Pumps with long strokes, worked at moderate 
speeds, are more effective than those which are 
worked at a quick rate with short strokes, (c) A 
reference to Fig. i will show that with ordi- 
nary Jack-pumps the bucket does not work con- 
centrically with the barrel, but rocks, so to 
speak, to and fro as it moves up and down. 
Two sides of the bucket, and corresponding 
inside portions of the barrel are subjected to 
excessive wear, and in this case, too, an allow- 
ance must be made for " slip." {d) When 
pumps are fixed too far from the well water, 
none at all is raised ; but if just within the 
limit a lesser quantity is delivered than would 
be if the height were less. When the handle is 
not properly mounted, or if the bolt or its bear- 
ings, or the hole in the handle is much worn, 
the length of the stroke is shortened, and 
although the exertions of the man are nearly 
the same the results are below what they would 
be if all the arragements were perfect. 

The allowance tor "slip" has to be varied, 
according to circumstances, from '025 per cent, 
tor new pumps as the sucker clack is in the 
act of closing, to 30 or 40 for old ones. 
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Example : with a 2 in. pump, 8 in. stroke, 30 
strokes a minute, slip, 10 per cent How much 
water raised in half an hour } 

G = 2^ X '034 X "66 X 30 X 30 = 80784 
and 80784 — 10 per cent. = 72 706 gals, actually 
delivered. 

To vary the last example we may assume a 
cistern holds 500 gals., and it takes a man just 
one hour to fill it with a 4 in. pump having a 
12 in. stroke and worked at the rate of 25 
strokes per minute. What is the proportion of 
slip? 

If the pump was in good order we should 
have 4^ X I X '034 x 25 x 60=816 gals, as being 
the actual quantity which would have been 
raised. But as only 500 gals, are pumped into 
the cistern we have 816 — 500=316 gals, to 
allow tor as having escaped past the bucket 
and sucker when pumping. 

Then : As 816 : 100 : 316 : 38725 the per 
centage of slip owing to the defective pump. 

With regard to the strength of materials for 
pumps the lead suction pipes should not be less 
than those in the following table for good work. 



Size of bore of 
pipe. 


Weight in lbs. 
per yard lineal. 


For pump 

whose diameter 

is 


1 in. 
I Jin. 

2 in. 
sin. 


12 
20 

27 

35 


2 in. 

3 in. 

4 in. 
6 in. 



The weights can be slightly reduced for cheap 
work. Those in the table average from about 
I •5th in. thick for lin. pipe to iin. for 3 in. pipe. 
Suction pipes do not have to resist a bursting 
pressure, that is, an internal force pressing out- 
wards, but an external or outside force tending 
to crush the pipe. This pressure being exerted 
by the atmosphere. 

For the barrels the lead should be from § in. 
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to iin. thick. The lesser thickness being for 
those made of drawn lead pipe or sheet lead 
turned up and having ladle-burnt seams and 
the heavier substance when the barrels are cast. 

When suction pipes are laid in ground which 
has lime or old mortar in it they will become 
corroded and have holes eaten through them. 
Even when the upper courses of the brick 
steining of a well have been embedded in 
mortar and the suction pipe has been passed 
through, or built in, it has been injured by the ' 
above action. Hence the advisability of pre- 
venting contact by surrounding with clay, dry 
bricks or other suitable material. 

With regard to the strength of the handle, 
which is usually made of iron, the greatest 
strain is near the plank pin, or fulcrum, and 
this part requires to be stronger than those near 
to which the power is applied or the weight 
suspended. 

The rule for finding the strength is the same 
as that for a beam fixed at one end and loaded 
at the other, and is : — 

Multiply the transverse strength of iron in 
lbs. by the breadth and by the depth squared 
in inches and divide by the length also in 
inches. 

From the Ordnance experiments* the mean 
transverse breaking weight necessary to break 
a bar i in. square, projecting horizontally i in. 
beyond the support, the weight being at the 
free end, is 7,102 lbs. If we divide this by 4 we 
have 1,775 l^s- ^s being a load it would carry in 
safety. 

If we assume that a pump handle is 42 in. 
long from the centre of the plank pin to the part 
gripped by the hands, and is i in. square in 
section at its strongest point, we then have 

1 775x^^x1^ =42-26 lbs. as the weight 
42 

it would safely support at the end of the handle 
if it were horizontal and the short arm rigidly 
fixed. 
As the man pulls down with a power of only 

* Molesworth. 
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about 20 lbs. the handle appears to be twice as 
strong as is necessary and could be reduced to 
one-half its sectional area. But it must be re- 
membered that the 20 lbs. was assumed as an 
average for continuous work. At the comuience- 
ment of the stroke the power is above this, 
although it lasts only for a traction of a second. 
And, again, if a reduction is made it should be 
in the width and not in the depth. If this were 
done we should then have the handle at its 
strongest part i in. wide by i in. deep. The 
width would be so small that any side motion of 
the handle would probably bend it, and for this 
reason the width of i in. should be retained for 
stiffening purposes. Another reason why the 
width should not be reduced is because so 
small a surface of the handle hole would rest on 
the plank pin that they would mutually wear 
each other away very quickly. For large pumps 
which require two men to work them, or for 
lift pumps for raising water to great heights, 
or to tanks at the tops of high houses, the 
strength of the handles should be increased be- 
yond the example dealt with. Such increase 
should be in the depth of the section in prefer- 
ence to the width. 

The remainder of the handle can be gradually 
reduced in thickness, lesser strength being re- 
quired as the power, or man's hands, is 
approached. But this reduction must not be 
made to the extent of the actual strength re- 
quired, or the lower extremity of the handle 
would be so thin as to be uncomfortable for 
gripping. In practice a bulb is generally made 
at the end, not only for this reason, but, as 
before explained, to aid the worker by its 
weight when pulling down. 

We may now deal with the thickness of the 
bucket rod. The average breaking weight per 
circular inch of wrought iron is 157 tons, and for 
circular Jin. 55olbs.t As these are the break- 
ing weights we should make an allowance for 
safe working, which is usually considered as 
one fourth, so that we must divide 550 by 4, 

f Clarke's Tables, 
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which gives 137*2 lbs. as being the weight safely 
carried by an iron rod iin. in diameter. 
Where the water has a corrosive action 
on lead and dissolves some of that 
metal) iron immersed in such water rusts 
with very great violence, and the substance of 
the bucket rod is reduced considerably and 
much weakened. If for this we divide by 8 
instead of 4 we have 6875 lbs. as being the 
weight which can be safely lifted by a rod iin. 
thick after it has been reduced by corrosion to 
the assumed extent. 

We have before worked out the weights lifted 
when pumping, but may take another example 
to save reference. 

Say a 4 in. pump and 25 ft. from top of bucket 
to water in well. 

Then 42 x "34 x 25 = 136 lbs. to be lifted. To 
this should be added the extra friction ot the 
water at the commencement of the stroke, and 
also that of the bucket in the barrel. After 
doing so, we find that a bucket rod i in. thick is 
only half the strength required for the work to 
be done. Although theoretically correct, a rod 
twice as strong, or '178 in. thick, would not do 
at all in practice. The motion is a pull and 
thrust one, and the worker would sometimes be 
"jerky" in his movements. And with a jack 
pump the movement of the rod is not always in 
a vertical line, but in a slanting direction, as the 
top end rocks to and fro in the front and back 
sides. To have the necessary strength and 
stiffness bucket rods should be not less than 
§ in. to g in. in diameter, according to the size of 
the pump. 

Hitherto we have dealt with ordinary lead 
jack pumps fixed above the level of the ground, 
but there are many cases where the well water 
has been so low down that pumps so fixed were 
useless. In many country places the water, 
although low, is within a reasonable distance, 
and a jack pump is made for the purpose, thus 
avoiding the cost of a "lift pump" and its fittings 
Assuming the water to be 35 ft. below the 
surface, and the pump is required to raise water 
to fill a cart, the top of which is 7 ft. above 
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ground level, ihe men standing on a raised 
plalloim 10 work ihe handle. 

In such a case the bucket must work withia 
the limits that have been already laid down. 

Then 35 + 7=43 ft the water has to be lifted. 
If we take the limited distance between the well 
water and bucket at 25ft. we have 42— 2; — i7, 




Fig. 16. 
and the pump sucker must be that distance from 
the top of ihe barrel. A pump tor this purpose 
should have a very long barrel, the total length 
of which should be 1 7 -I- extra length at top to 
l(j(m a head, or say 18 ft in all. Such a pump 
is shown fixed in a well by Fig. i& The barrel 
fixings must be very strong, and are best mad« 
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wiih wiped flange joints supported on oak stages 
with the ends built into the sieining. 

As it would be very difficult to fix the sucker 
or take it out for repairs if as shown by Figs. 
I and 5, a different kind is necessary. 
Spherical, or ball, valves, as shown by Fig. 17, 
can be used. The ball and sealing are made of 




Fig 17. 

gun metal and soldered between the barrel and 
tail piece, as shown by the fragmentary section. 
This valve, to be taken out lor any purpose, 
requires a " door " in the side of the barrel, as 
shown at A, and which consists oi a good size, 
very strong brass or gun meial cnp and screw 
wiped in. The disadvantages are, grit prevents 
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the valve "seating" properly; the ball can be 
changed, but not the seating, without unsolder- 
ing the joint to ihe tail piece ; and, if the pump 
is being worked very quickly, and the ball rises 
loo high, a considerable quantity of waiei 
"slips " before the valve reseats itself. 

Another kind is shown in section by Fig, i& 
This is a "ground-in" valve with a "feather" 
guide on the under side and a "bow" lop for 
lifting out wiih a hook on a rod through the 
top end of pump. 

A valve, either "ground-in" or wilha leather 
washer, and with a very long spindle, as shown 
by Fig. 19, is sometimes used. This valve 
has a guide for the spindle to work in, and can 
be lifted similar to the last one. A disadvan- 
tage of this valve is that, in lixing it, two joints 
are necessary The body has first to be 
soldered to the op end of the suction pipe, and 
a second jo nt made between he latter pipe 
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and the barrel Unless great care Is taken the 
first joint is liable to be melted when making 
the last one. 

There are many other methods adopted, but 
the simplest is shown by Fig. 20. With this 
valve the seating is raised so that grit or very 
small pebbles fall on one side and do not make 
the valve leak. The latter can be lifted out 
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from the top of the barrel to have the leather 
B renewed. The brass seating should have 
a flat top, instead of an edge which would cut 
into the leather. The spindle is very long to 
prevent the valve jumping out of its position. 
The end of the spindle is pointed, and the hole 
through the guide bar ** mouthed'' for the more 
readily dropping the valve into its position. 
The water-way is as large as possible so that 
the valve does not rise too high, when pumping, 




Fig 19. 

with consequent less "slip" in recovering its 
seating. 

Pumps with very long barrels do not have such 
long strokes as those with short barrels, as the 
rocking motion of the top end of the rod, as 
before referred to, knocks against the front and 
back sides of the top to a greater extent. To 
prevent this knocking the arc described by the 
end of the short arm ot the handle has to be 
reduced, and by so doing the length of stroke 
is shortened and less water delivered. 

Another kind of jack pump is when two 
nozzles are necessary ; the lower one for filling 
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pails, &C., ani] the higher one foi carts, or, as 
experienced by ihe writer, filling the copper at 
a small country brewery. Such a pump is 
shown by Fig. 21. The lowernoizie has a 
cap screwed on the end when the upper one is 
being used. The figure also shows a compound 
pump handle, which can be used when the man 




Fig. 20. 

is standing on Ihe ground instead of on a raised 
platform. By this arrangement there is only a 
slight, il any, gain of power. As an example, 

assume that the short and long arms of the top 
lever are 6in. and gin. respectively, that the pump 
has a 4 ia barrel and has to raise water 25 ft. 
above the well water measured to the under 
side of nozzle, which gives 136 lbs. net weight 
to be lifted. 

n. XI 36 lbs. 



Then 

applied to the long a 



=91 lbs. of power to 
n o( the upper lever. 



ilie short arm of lower lever ii 

long arm 36 id. we then have 

91 lbs. X 9 in. 




Fit!. 21. 
connected directly onio the pump bucket. If to 
this is added the preponderance of weight of 
lever over bucket, and an alloivance for friction 
of the latter, we lind that an ordinary nian could 
work the pump, if the bolt connecting ihe rod 
of the upper lever to Ibe lower one was moved 
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one or more indies nearer to the plank pin of 
the latier more power would be exerted, biitthe 
length of bucket stroke would be reduced, re- 
sulting in less water being delivered at each 
com pie led stroke. 

Where two men are necessary for working a 
pump it is an advantage lo make the handle 



ently of the other, and individual energy be e^ 
cised 10 the utmost extent. When 6 in. 
larger size pumps are used they can be titled 
with two handles mounted on the same axte, 
from which projects an arm for attaching to the 
bucket rod. Pumps with two handles and two 




Fig. 22. 

nozzles are sometimes fixed in cotiiges in the 
country. 

In addition to lead, jack pumps are made of 
other materials, such as cast iron, brass, ^un 
metal, and galvanised sheet irot:. The latter kmd 
is generally mounted on an iron tripod, as shown 
by Fig. 22, and is I 



a contractor's 
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pump. Instead of an iron tube suction, a 
flexible hose is sometimes connected by means 
of a brass union, a rose being attached to the 
lower end of suction where necessary for pre- 
venting anything passing up with the water to 
clog the sucker and bucket valves. A great 
* many are used in country places with flexible 
suctions tor emptying cesspools or filling carts 
with water from streams, ponds, and ditches, 
&c, for farm and other purposes. The water 
carts sometimes have pumps fixed to them. 




Fig. 23. 

Ordinary contractor's pumps have galvanised 
sheet iron suctions, which are made in lengths 
and have what may be termed coned joints. 
The upper end of each pipe has a trumpet 
mouth, into which the length above is tightly 
socketted and the joint made with clay. 

Cast iron pumps are now much used. Some 
kinds can be bolted to a base and do not require 
any planks or other supports. Such pumps have a 
flange connection between barrel and tail piece, 
as shown at C, Fig. 23. The bottom valve or 
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"sucker" consists of a piece of leather cut as 
shown by Fig. 24, and is boiled between ihe 
bottom Hanges. With some pumps the clack, 
shown in the centre of ihe last figure, has a 
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stud on the top of the side next the hinge which 
stands up as shown by the sectional Fig, 15. 
This prevents the clack opening too wide and 




Fic. 25. 
is useful for emptying the barrel in frosty 
weather. On raising the handle to the utmost 
extent the bucket rests on the stud, opens the 
valve and allows the water to run away down 
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the suction pipe. Some of these pumps have 
brass union connections to the tail piece instead 
of being screwed for iron, as shown in the 
figure, and instead of the flange for fixing to a 
stone or oak base have lugs cast on the barrel 
for fixing to a plank or a wall. Others again 
have cast iron brackets for bolting to walls as 
fixings. Nearly all iron jack pumps have iron 
caps or covers on the top of the barrel similar 
to that shown in the last figure. The hole for 
the bucket rod to work in is slotted to allow for 
the rocking motion that has been before men- 
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tioned. These pumps have many other forms, 
besides the one shown, and amongst these may 
be mentioned those having the handles mounted 
in slotted projections on the sides of the head. 
With these the bucket rods work beneath 
instead of through the cappings or covers. 

With those pumps having the rod working 
through the top, and to avoid the latter being 
slotted the handles are mounted on "swivels" 
or "vibrating links," as Fig. 26, which also 
shows a base bra< ket for bolting to a wall. 
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This bracket to be at the side and not under 
the handle as drawn. The vibrating link is for 
the purpose of allowing the bucket rod to work 
vertically through the cover, the rod being 
stifTer than for ordinary pumps to resist being 




Fig. 27. 

r 

bent against the sides of the hole which acts as 
a guide. 

Another maker of these pumps has the vibrat- 
ing^ link attached to the short arm of the 
handle, with a kind of rule joint to the bucket 
rod, as shown by dotted lines at D, Fig. 23. 
In this case the handle is mounted on a 
standard, attached to the pump, higher than 
that shown in the figute to allow the handle to 




Fig. 28. 

be worked without the joint knocking against 
the cover. 

With the cheaper kinds of iron pumps wooden 
"buckets," similar to that shown by Fig. 2, 
are used, but these are not nearly so good as 
chose made of brass or gun metal, as shown by 
Fig. 27. 

Pumps of all kinds used for hot liquors should 



have "quilted" cups and flanges instead of 
(hose made of leather, the latter material 
being injured by the action of hot water. 
The cups and flanges are made ot 
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Fig. 29. 
specially prepared canvas, which Is cut lo 
shape, and then three or four thicknesses sewn 
togelber by " overcasting " all the edges to pre- 
vent them fraying out. The centre parts are 
quilted by sewing through, the stitching being 
evenly done and a short distance apart, to what 
may be termed a " herring bone " pattern. 
These can be made by plumbers, but are much 
belter when bought of dealers of plumbers' 
materials who have them made in a proper 
manner. Fig. zS is a sketch of a quilted cup 
showing the stitching. Buckets with quilted 
cups for hot liquor generally have ground-in 
brass valves. Fig. 29 is a quilted bottom or 
sucker flange. 

A great deal more could be written on the 
various kinds of jack pumps, but as most of the 
principal points have now been alluded to, and 
others will be under the next beading, we can 
now pass on to another description, usually 
known as "lift" pumps, and deal with them 
in the same manner as we did with the 
others, commencing with their various parts 
and construction. 

Lift Pumps. 
As a preliminary it may be staled that a lift 
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pump is used for raising water to a position 
much higher than itself. 

If we were to take a lead jack pump, make the 
top of the barrel water-tight, and also the hole 
through which the bucket rod works, turn the 
nozzle upwards and solder to it a pipe for con- 
veying the water to any desired position, it 
would then be what is commonly called a " lift 
pump/' Jack pumps are frequently called lift 
pumps, and the latter **lift and force pumps." 
In these lectures it is proposed to speak of 
each kind separately, so as to avoid confusion, 
and allude to ** force pumps" as those having 
solid plungers or pistons. 

A simple, or what may be called home-made, 
example of a lift pump, as sometimes found in 
country places, is shown by Fig. 30. 

The barrel is lead, and the same as for a 
jack pump, excepting that instead of an open 
head a brass stuffing box and flange is soldered 
on at £. The delivery pipe F is soldered to 
the side of the barrel, as close to the top as pos- 
sible. The bucket is made of elm, as for an 
ordinary jack pump, and the barrel has to be a 
little longer than usual to allow for the length 
of the bucket. Brass buckets, as Fig. 702, are 
also used, and for these the barrel need not be 
quite so long. The sucker is made of elm, but 
brass sucker boxes can be bought lor cementing 
into the tail of the pump. 

Fig. 31 is an enlarged section of the flange 
and stuffing box. G is the bucket rod made of 
copper, H the screw for compressing the stuff- 
ing or packing I as close to the rod as possible 
for preventing the water escaping, J J are the 
pump screws (the best are made of copper), K 
is a leather washer, and L a brass flange sol- 
dered to the lead barrel. The latter is fixed to 
a plank M, Fig. 30, by means of strong lead 
face soldered tacks N, and square headed, or 
coach, screws with flanged heads, as at O. The 
pump handle P is mounted on an oscillating 
link Q and axis R, which is screwed to the 
plank. 

On referring to the illustration it will be 
noticed that no valve is shown on the delivery 
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pipe. Neither is one necessary, excepting' in 
cases where the lift is very high. With low 
lifts, say lo It. or zo fu, it may be considered an 
advantage not to have this valve, as should it 
be required to recharge the barrel with water, 
prior to working it, this can be done by pouring 
down the delivery pipe. With a valve 6\ed, 
and it was sound, the water could not run into 
the barrel. 

Lift and force pumps have the length of their 
suction pipes limited lo the same extent as jack 
pumps, and should never be fixed more than 
25 It. above the well water. And it necessarily 
follows that In a deep well the pump has lo be 
fixed inside and below the ground surface. In 
such a case it would be supported on a plank, 




Fig. 31. 
fixed either lo the steining or a platform, and 
worked by a. handle or a winch above the sur- 
face of the ground, but immediately over 
the well, and a long bucket rod to the pump. 

Under these conditions a valve and air vessel 
should be fixed on the delivery pipe, as dose to 
the pump as possible. 

Hand-made leaden lift pumps are not now so 
much used as those made of brass or gun meial. 
An illustration of the latter is shown by Fig. 
32. The barrel S is brass or gun metal, as are 
also the tail piece T and stuffing box U. The 
rod V is copper and continued through the iron 
guide W, which has a brass bush for the rod to 
work through. The sling X is made of wrought 
iron and connected 10 the handle Y and the 
bucket rod V by the bolts A. The use of the 
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sling and guide is to keep the rod straight and 
prevent it vibrating. But for these the rod 
would be either bent or worn away by friction 
against the stuffing box. To prevent bending and 
to avoid the use of the guide and sling the 
handle could be mounted on a vibrating 
standard, as shown by Fig. 30 at Q, 
but this is not nearly so good. With 
the pump, illustrated by Fig. 32, the axis, 
or bolt, is in one piece with the handle and 
works in the carriage B which has brass bushed 
holes for the axis to work in. When water has 
to be lifted to a great height a valve is fixed at 
C and an air vessel (usually made of copper) at 
D. For a very deep well the pump would 
have a base flange, and be fixed on a bearer 
nearer the water. The air vessel being 
attached to the pump delivery arm and the 
working handle and plank, fixed at or above 
ground level, as before stated. 

Before describing other lift pumps and their 
working parts, it may here be considered con- 
venient to explain the use of the air vessel. An 
enlarged section of this was shown by Fig. 14 
to illustrate its use in a suction pipe. Under 
those conditions the air is rare6ed or expanded, 
but when fixed in the delivery pipe it is com- 
pressed or made to occupy a lesser space. A 
further sketch is here shown, Fig. 33, to aid 
the description. D is a section of the vessel in 
which the delivery pipe £ is continued through 
the top and nearly to the bottom. When the 
pump is first started the vessel is filled with air, 
but after pumping for some time the water rises 
and pushes the air into the upper portion where 
it cannot escape. Assuming that the pump has 
been worked long enough to fill the delivery 
pipe, and the water stands in the vessel to the 
height shown in the figure when the pump and 
the water are at rest, the next time the handle is 
pulled down more water is forced in and the air 
further compressed, say to the dotted line, F. 
The labour of compressmg the air is not nearly 
so much as would be required to suddenly over- 
come the inertia of the water in the delivery and 
put it in motion. But as the air is compressed 
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to a greater degree Ihan ii exercised by the 




FIG. 3Z. 
dead weight of tbe water in the pipe above. 
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it nalurally begins to return to its first condition 
of density at the end of the stroke, and in doing 
this pushes some of the water out ol the vessel 
and up the delivery pipe. During the time this 
is occurring the handle is being raised for the 
next stroke. On pulling it down, the water 
being already in motioD, so much resistance is 




Fig- 3.T- 
insequemly the pump is 



vorked 



not oRered and ci 

A few calculations may aid to make clear the 
economy in labour by using an air vesseL 
Assuming Chat the delivery pipe is lOO ft long, 
50ft. being vertical and 50ft. horizontal. The 
horizontal portion has no effect on the pressure 
but has a considerable influence on the working, 
on account of the friction oi the water when in 
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motion, and also when starting the pump. The 
50 ft. of vertical column of water exerts a 
pressure of 21*67 lbs. on each square inch inside 
the vessel. This is found by a previous rule 
and 50 ft. X •4334=21*67 lbs. We also found 
that the pressure exerted by the atmosphere at 
sea level was 14*7 lbs. per square inch, and we 
may say that the water in this case exerts a 
pressure of nearly one-and-a-half atmospheres. 
A volume of air confined in any vessel simply 
fills it under ordinary conditions, but it will 
hold twice the quantity when the bulk is 
reduced by an additional pressure of one 
atmosphere, or the original quantity would only 
half fill the vessel under the same additional 
influence. 

To more fully explain this we may refer to 
what is known as ** Boyle's Law," which is as 
follows : — The temperature remaining the same^ 
a volume of a given quantity of gas is inversely 
as the pressure which it bears. 

For demonstrating this principle a glass tube 
on a stand, as shown by Fig. 34, and known as 
a Boyle's tube, is requisite.* The end, G, is 
sealed or made perfectly air-tight. A little 
mercury is poured in the open end, H, until 
the tube is filled to O, or zero, on the two scales, 
which are in this case divided into inches, on 
each side of the bend. Some little trouble is 
required to do this owing to the air being slightly 
compressed in the short leg, but by tipping the 
tube two or three times success can be attained. 
In this condition the air pressure on the mercury 
is the same in both tubes. 

We have before demonstrated that the 
ordinary atmospheric pressure is equal to a 
column of mercury 30 inches high. If the lonf 
leg of the tube is now filled with mercury to a 
height of 30 inches, measured from the surfaces 
of the two columns, as shown in the figure, the 
air in the short leg will be found to occupy half 
the space it did at first, thus showing that with 
double the pressure the air is reduced to a space 
equal to half its original bulk. If we were to 

* On the Continent this is known as Marriotte's tube. 

- 2 
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add mercury in the long tube to a further height 
of^ 30 inches, as dotted line at I in the figure, 
this would be equal to another atmosphere of 
pressure, and the pent-up air in the short leg 
would be further reduced to one-third its 
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Fig. 34. 

original bulk, the mercury rising to J. Another 
30 inches of mercury would again reduce the 
confined air when it would be contained in one- 
fourth the space it did when starting the 
experiments. 
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The following table is calculated on this basis 
and the assumption that the ordinary pressure 
of the atmosphere is zero. 



No. of 
Atmos- 
pheres. 


Air 

compressed 

in volume 

in air 

vessel. 


Space 

occupied 

by water 

in air 

vessel. 


Height of 

column of 

water in 

delivery pipe. 


I 
2 

3 

4 

S 
6 



i 
i 
i 
i-5th 

i 




i 

9 
i 

4'5ths 
5 6ihs 


ft. in. 

o o 

33 loj 

67 9 

loi 7i 

13s 6 

169 4i 



In our pump problem, with 50 ft. head of water 
in the delivery pipe^ we have, as before stated, 
about li atmospheres compressing the air in 
the vessel, and which would reduce it to about 
5-i2ths of its original bulk. The approximate 
working of this we get from the second column 
of the table where the pressure of one additional 
atmosphere reduces the air to one half, and two 

atmospheres to one third. Then J+J-r2=- 

and this reduced to a simple fraction = 5-i2ths 
for li atmospheres. 

Fig. 35 is a diagram showing more correctly 
the amount of compression that takes place from 
unity to ten atmospheres. To avoid having too 
many lines to interfere with the clearness of the 
drawing, the bottom side is divided into 
atmospheres and sub-divided into spaces, each 
representing 5 in. of mercury. The side of the 
figure is divided to represent the amount of air 
compression which takes place from two to ten 
atmospheres, and the curved line the height of 
the surface of the water under the various pres- 
sures. By this illustration intermediate read- 
ings can be taken. As an example, assuming 
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ihe air vessel to have parallel sices and flat 
ends, and that the top and buttom lines in the 
Bgure represent the ends. At what height 
would the water stand under a pressure of 15 in. 
oi mercury or half an atmosphere above zero ? 
On looking up the third line from i, it is found 
to cut the curve at K. Or where would the sur- 
face of the water be under 70 in, of mercury f 
This is eaual to two atmospheres + two of the 
division Imes, and it is found to be at L. 

At the commencement of the stroke suRicienl 
effort has to be exerted to raise the weight of 
the 50 fL column of water above the pump + an 
allowance for friction in the total length of 
100 ft. of delivery pipe. For Ihe pressure on the 
pump buclieC due to head we have (assuming a 
4in. pump) 4'x '34X 50=272 lbs. In the 
absence of exact data to work from we will 




assume that the frictiort} '" *" 
m the water is equal lo «? P" 

jemp lifl^H & 1 . .lone 



starting movement 
of the load 



 " Hit wniet IS equal lo ivr *^ 
bemg lifted. And 2,2+^iopercenL = 353-6lbs. 
dead weight at the commeil'*^^'"*"' °' ""^ stroke 
when no air vessel is used. \ ^. .^ ^, 

With an air vessel the Idk ^^ '* considerably 
less when starling to nump,"' ^* '*'* "*'" '* 
forced into a chamber a^ainsV^*"! '"'"^« S' 
the contamed air whichralibol,''S'' compressed, 
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is SO elastic that it can be made to occupy 
lesser space. The compressed air offers a re- 
sistance equal to the weight of the column of 
water or 272 lbs. only. If, at the commencement, 
the handle was pulled down very quickly, so that 
the contents of the pump barrel were forced 
into the air vessel before the water in the 
delivery pipe had time to be put in motion, the 
pressure would be sufficient to reduce the air 
space to the same extent as about an additional 
ih atmospheres. In such a case the water line 
would be at M, Fig. 35, N being the height 
before starting. From this we conclude that 
the friction in the delivery pipe is reduced to 
almost nothing at starting, and less labour has 
to be exerted under the given conditions. 

And then again, assuming that a pump is 
being worked at the rate of 30 strokes per 
minute, one second being occupied in the up- 
and one second in the down-stroke. The 
barrel is emptied in every alternate second and, 
without an air vessel, the motion of the water is 
arrested and restarted during the same times. 
But with an air vessel the motion is continuous 
during both up and down strokes, and, speaking 
approximately, the friction of the moving water 
is reduced by about three quarters. This is 
based on the rule that friction increases as the 
square of the velocity. 

An air vessel has another advantage in that a 
pump so fitted will last considerably longer, and 
the bucket will not work loose or break away 
from the rod so frequently as without. 

The noise made by the rush of water through 
the pipes, and also the thud at each stroke are 
both minimised by the use of a confined body 
of air which acts as a cushion or spring. 

The above reasonmg applies to air vessels 
in suction as well as in delivery pipes. 

There is an impression in some parts of the 
country that a hopper head and nozzle fixed on 
the upper end of a pump delivery pipe, as shown 
at V, Fig. 36, has the same effect as an air 
vessel fixed to the pump. When the latter is 
being worked the water is forced at each stroke 
into the head faster than the nozzle will take it 
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away, and continues to flow during the reverse 
action of the pump, thus giving the impression 
that the water is in motion in the delivery. 
This is not so, as the water in the rising pipe 
alternately stops and starts in unison with the 
action of the pump. The only advantage of the 
head is the reduction of the plunging noise 
made by the water falling into that in the 
cistern. A common complaint in country 
mansions, where cisterns are fixed in roofs over 
bedrooms, is the thud made by the water as it 
is forced into the cisterns By fixing a head and 
continuing the nozzle to nearly the bottom of 
the cistern, as shown by dotted lines, the splash- 
ing noise is not heard. The head should be 
partially covered but have an air opening, other- 
wise, with a* defective pump, the contents of the 
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cistern would be syphoned back into the wpll. 
For reasons that have been fully dealt with an 
air vessel should always be fixed to the pump 
by which water is raised to any considerable 
height. 
We may now deal with the size of the handle 
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and power necessary to work a pump under the 
conditions mentioned on page 51. Assuming it 
is fixed 20 ft. above the surface of the well water. 

Then 20 ft. + 50 ft. = 70 ft. total height the 
water has to be raised. And 7oX4''x*34= 
380*8 lbs. to be raised by the bucket. If the 
short arm of the handle is 6 in. long and the 
man can pull down with bis hands with a power 

f ,, i ^8o*8 lbs. X 6 in. 
of 20 lbs. we have ^ =114-24 m., 

20 

or a little over 9J ft, the length necessary fot 
the handle. Such a length could not be worked, 
and if the handle was double, but halt the length, 
so that two men could use it, it would then be 
over 4ift. long. This goes to prove that under 
these conditions a 4 in. pump could not be used, 
and a smaller size should be fixed. We could 
work out experimentally what smaller size pump 
would do, but the readiest way will be to apply 
another rule and find the smallest actual size at 
once. Expressed as a formula it would be : — 



D=A//i2iP\ 
V VVVxS/ 



Where U = the diameter of the pump in 
inches. 

L= length of long arm of handle in inches. 

S = length of short arm of handle in inches. 

P= power of man in lbs. 

W = weight on each circular inch on the 
bucket in lbs. 

In our problem we will assume that 

L = 36 in. 

S=6in. 

P = 2olbs. 

W = 70 X '34 =23 '8 lbs. 
Then 

D= y/ / 36x2o r^2'24 in. nearly 

as the largest diameter of the pump that could 
be used under the given conditions. 

Here another detail has to be taken into con 
sideration. If a given quantity of water has to 
be raised the smaller size pump has either to be 
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worked more quickly or for a longer period of 
time. The speed should not be increased at the 
risk of breaking some part of the fittings, so the 
time must be extended. 

To work out an example. If a given quantity 
of water is raised in one hour by means of the 
4 in. pump, how long would it take the 2|in« 
pump to raise the same quantity, all other con- 
ditions being equal ? The simplest solution is 
to compare the sizes of the barrel. As stated in 
an earlier lecture, circles are to each other as the 
squares of their diameters. Then 4^-7- 2*25-= 
3'i6 and 3*16=3 hours 9*6 minutes to raise the 
same quantity of water as the 4 in. did in one 
hour. 

Practically there is no great difference in the 
amount of work that can be got out of a lift 
pump, whethet it is fixed above or below ground 
level, provided the well is not an extraordinary 
depth, and it is the same with the barrel fixed in a 
well to raise water to the ground level or fixed 
above ground to fill a tank placed at the same 
height above as the pump was below. In other 
words, if the suction and delivery pipes are 
respectively of the same vertical length. In the 
former case the weight of the long bucket rod 
would, or should, be compensated by loading 
the end of the pump handle. 

Lift pumps on planks are sometimes worked 
by means of winch handles, as shown by Fig. 
37, or the winch and plank are fixed above 
ground, as Fig. 39, and the barrel in the well. 
Even when not actually necessary the barrel, 
when in cold or exposed positions, is sometimes 
best below ground and beyond the reach of 
frost, a cock being fixed near the pump for 
emptying the delivery or rising pipe. 

The power of a winch is calculated by rules 
almost similar to those of a lever. Let Fig. 38 
represent a flywheel, winch and crank. The 
distance from the handle O to the centre of the 
crank shaft P being 20 in., and the length of 
the crank 5 in., measured from its centre to that 
of the shaft. The 20 in. will be the length of 
the long arm of a lever, and the 5 in. that of the 
short arm. Then 2oin.-r«;in.=4 as represent- 
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ing the number of times the power of the long 
arm is over the resistance at the short one. A 
man working at a winch can exert with bis 
bands an average pressure of about 30 lbs. for 




Fig. 37. 

continuous work, but for a short time this could 
be exceeded. 

From this we can deduce a foimula for find- 
ing what size barrel and to what height the water 
can be raised by a man working the pump 
shown by Fig. 37. 
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For finding the actual weigbt tbat can be 
lifted the rule is 

^ s 

Where P=*the man's power. 

L=the distance between the handle and 
centre of crank shaft. 

S=the distance between centres of crank and 
shaft. 

W=the weight that can be raised 

And P=3olbs. 

L = 20 in. 

S = 5 in. 

Then W=35_^ii?=i2olbs. 
To apply this rule : To what height could a 
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Fig. 38. 

man raise water with a 3 in. pump under the 
foregoing conditions ? 

Then 3«x •34=3-06 lbs. weight for each foot 
in height the water is to be raised. 
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And i2o^3'o6=39*2ft. total height measured 
from surface of water in the well to the top end 
of the delivery pipe. So that the work done 
and power exerted shall not be equal to each 
other, as worked out in the problem, the height 
to which the water is raised should be less than 
that given. 

As another example : What is the largest size 
pump, fitted as Fig. 37, that could be used lor 
raising water to a height of 60 ft. above that in 
the well ? 

The formula then becomes 



D = V, 



PxL 



SxHxW 

Where P— man's power in lbs. 

L= distance of handle from centre of crank 
shaft in inches. 

S= distance of crank between centres in 
inches. 

H= height to be lifted in feet. 

W= weight of water on a circular inch in the 
barrel for each foot of head = '34 lbs. 

D= diameter of pump in inches. 

Then 

^ \6x6ox*34/ 400 

and 1^4*9 = 2*213 in. as the diameter sought. 
Here again an equilibrium is established, and 
the pump should be a little less, so that power 
may exceed load. 

From this working out we are led to the con- 
clusions that the pump mounted as shown by 
Fig. 37 is only satisfactory when of a smail 
size, or used for raising water to a nioderate 
height 

The flywheel has an advantage in that, when 
fairly heavy, it steadies the action of the pump. 
By its momentum it carries the motion of the 
pump beyond those parts where the man can 
exercise the least power, such as when the 
handle is horizontal with the ax;s. 

When the pump is fixed in the well, and the 
plank and winch above ground, the guide Q 
should be attached to the plank, so that the 
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motion of the bucket rod is always vertical 
II the sling and guide were attached to the 
pump the rod would rattle very much, and in 
itJ oscillating movements would be liable to 
bendin? between the ^uide and winch. 

Another whed action is shown by Fig. 39. 
When the pomp is fixed below gronna the 
wheel IS mounted on a plank, and instead of s 
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guide and sling to the pump rod, a rocking bar, 
R, is fixed. 

S S, Figs, 37 and 39 are counterpoises for 
balancing the weight of the rods and handles 
which are on the opposite sides of the axles of 
the Hy wheels. 

Not only is the rocking bar R, Fig. 39, useful 
for steadying the pump rod, but by its use there 
is a gain of power. To explain this, assume 
that the combined weights of the rod T, and the 
bucket and water in the banel are 360 lbs. If 
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the bar is 18 in. long, the centre, or the rod 
bolt 3 in. from the short and 15 in. from the 
long end, the long arm of the lever is five times 
the length of the short one and supports i-6th 
of the load. The other 5-6ih hangs on to 
the winch crank. Then i-6th of 360=60 and 
5-6thof 360=300 lbs. From this we find that 




Fig. 40. 

when working a pump under such conditions 
the load on the crank is lightened by 60 lbs. 

A case came under the writer's notice a few 
years ago where the plumber, with a view 
to lengthening the stroke of the pump so 
as to throw more water, altered the connections 
to the rocking bar and attached the pump rod 
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near the short end. The pump then worked so 
hard that one man could use it for only a short 
time. A calculation will show why this was so. 
Assuming that the weight to be lifted and other 
conditions were the same as in the last pro- 
blem but the couplings where changed, we 
should have 360 lbs. hanging on the end above 
'^1 ^^S' 39- By adopting our lever formula as 
described in an earlier lecture we get 

360 lbs. X 3 in. _ ji^^ 

15 in. 

as the weight that would be hung on the end of the 
bar, represented by the resistance of the bolt U, 
to balance the weight hanging: on the other end, 
as 72 lbs. X 15 in. are equal to 360 lbs. x 3 in. 
The net weight being 360 lbs. and the counter 
balance equal to it the actual weight to be lifted 
by the man when pumpmg is twice that or 
720 lbs. By this will be seen the great increase 
of labour entailed by the alterations that were 
made by the plumber. 

A winch pump and frame with the front half 
of frame removed, is shown by Fig. 40. With 
this appliance, two men on opposite sides of the 
frame can work, and by doubling the manual 
power, water can be and is raised to a much greater 
height than by a pump with a single handle at 
which one man only can exercise useful effort. 

When the water exceeds 25 ft. below the 
ground level the winch should be on the surface 
and the pump in the well. 

On referring to the figure it will be noticed 
that the handles (one being shown by dotted 
lines) and crank are at right angles to each 
other, and these are the best relative positions. 
The greatest ef)ort is required when the crank is 
horizontal, as the greatest weight is then being 
raised, and the bucket is travelling at the highest 
speed. With the handle either up or down, 
when the crank is in the above position, the 
worker either pulls or pushes, and his power may 
then be taken at a pressure or force of about 
40 lbs. When the handle is horizontal it is 
equal to only about 20 lbs., and if the crank was 
parallel with the handle he would not be 
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exercising^ his greatest power at the time the 
heaviest load was hanging on the crank. It was 
on this basis that the 30 lbs. average pressure 
by a man's hands was computed. The 
momentum of the fly wheel helps to make his 
efforts more continuous and regular. 

Fig. 41 shows a double barrel pump fixed in 
a well, W being the winch and frame, X the 
pump rods, Y the rising main, and Z the arr 
vessel The pumps are shown at A, the suction 
at B, and the strainer at C; D, the pump 
carriage or platform, and £ the rod guides 
and stages. In many cases the pumps have 
flange bases, which are screwed onto oak 
stages, the ends of the latter being built into-the 
steining or well walls. To prevent tools, &c., 
falling into the water when doing anything to 
the pumps, joists should be fixed and a floor 
laid two or three feet below, as shown at F. 
Most of our leading pump makers supply cast 
iron pump stages and shoes; one of these is 
illustrated by Fig. 42. The shoes or end pieces 
G G, are built into the steining, and the stage 
H,is bolted to them. ^ 

^ig* 43 is ^ vic^ ^^ ^ ^^^^ i^o" roller guide 
for the rods and support for the rising pipe. It 
the rods did not have some form of guide to 
steady them they would rattle very much, and 
any vibrating movement would tend to bend or 
break them, and also injure the copper bucket 
rod or its connections to the iron. The rollers 
are made of brass or gun metal. When made 
of iron they rust and do not revolve properly. 
When dirt or grit Calls into the well, or any 
small pieces of earth or rock fall ofl the well 
sides, or scales of rust peel off the iron rods, the 
rollers sometimes get jambed, hence the neces- 
sity of fixing sheet metal capping pieces or 
other provisions for throwing ofl* the pieces of 
grit, stone, &c Some old well hands prefer 
oak stages and cleats, but they are not so good 
as the roller guides, as in wet wells they become 
soddened and wear away to such an extent that 
the pump rods do not work true. 

The clip I, Fig. 43, is for supporting the de- 
livery pipe, and is fixed by means of screws 
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which should be made of copper. When the 
pipe is made of lead small flanges should be 
soldered on to rest on the clips and thus avoid 
bruising the pipe by screwing the clips tight 
enough to grip it. The strainer at C, Fig. 41, is 
for preventing anything being carried up with the 
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water to injure or choke the bucket and sucker 
valves. Although sometimes made of iron, 
copper is preferable, as the sizes of the holes, or 
perforations, do not become changed by the 
corrosion of that metal in the same way as with 
iron. A *^ foot valve " is sometimes fixed near 
the strainer. One is shown in partial section 
by Fig. 44. A clack valve similar to that 
shown by Fig. 25, but without the spur, or as 
at the bottom of the air vessel. Fig. 33, is 
bolted between the two flanges. By some 
plumbers this valve is looked upon as essential 
to the working of a pump, but is not so. If 
muddy water is being raised the suction valve 
does not always close properly, and with the 
additional valve at the foot there is the prob- 
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ability that the two would not be affected at the 
same time. In such cases the valve may be 
considered of advantage. And so, too, when 

F 2 
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the suction is horizontal and of considerable 
length. With the foot valve the pipe can be 
filled with water and so expedite getting useful 
effect out of the pump. The position of the 
valve renders it difficult to execute repairs. 
For this reason many that are fixed are never 
repaired and, although out of order, the pumps 
still answer satisfactorily. Another disadvan- 
tage of the valve is, when in order, the pipe can- 
not be emptied, when it is necessary to do so, 
without considerable trouble. 

With long lengths of pump i-od it is necessary 
to couple them in a simple, easy, way so that 
there is very little trouble m making the con^ 
nections in the well or disconnecting them when 
necessary. Fig. 45, J shows an elevation of 
the joint when coupled, and K with the brass 
socket slipped up to expose the method of dove- 
tailing the ends of the iron rods, which are 
made square in section. This method is very 
strong and, when properly fitted, cannot get out 
of order. 

The joint of the iron to the copper rod is 
shown by L, Fig. 45. The loop is welded on 
to the iron, and the copper rod has a long 
screwed thread with two nuts for connecting to 
the loop. By this arrangement the exact length 
of the combined rods can be carefully adjusted. 

Iron well rods are made in 12 ft. lengths, and 
from I in. to i§in. in thickness, according to 
the size of the pumps. These vary from 2 in. to 
8 in. in diameter. The copper rods are always 
supplied with the pumps, and their thickness is 
about the same as the iron ones. The sizes of 
rising and suction pipes for double barrelled are 
the same as for single pumps. As only one 
pump at a time is raising water there is no 
necessity for increasing the sizes, excepting for 
very high deliveries, or when the pumps are 
worked at a high speed, when friction of the 
water passing through should be allowed for 
and larger sizes fixed. When ordinary cast iron 
is used the friction is greater than with lead 
pipes, and in this case, too, the sizes should be 
mcreased. The following table of sizes may be 
found useful for double-barrelled pumps : — 
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Diameter of 
pump barrel. 


Di.. meter of 

cast iron suction 

and 

rising main. 


Diameter of 
lead suction 

and 
rising main. 


2iin. 


ijin. 


ijin. 


3 » 


2 n 


li M 


3i » 


2j,. 


If.. 


4 f> 


2i „ 


2 ,, 



With two barrels the labour of working is 
slightly increased over that of a single one. To 
explain this we may take it that the rods 
balance each other, and the man has to exercise 
his greatest effort when the crank that is lifting 
is in the middle of its stroke, that is, when it is 
horizontal. The other crank is also horizontal, 
but is travelling downwards. When rising, the 
man has to again use extra effort, and this 
occurs twice during one revolution of the cranks. 
With a single pump this happens only once. 

As there are limits to a man's strength it be- 
comes necessary at times to add to it by 
mechanical appliances. Hitherto we have been 
dealing with such appliances, but have not ex- 
hausted them in our pump problems. When- 
ever we vary speed, power, or work done, it 
is always at a gain or sacrifice of something 
else. 

When making calculations as to the amount 
of work done, fixed data must be used, and these 
data must be based on an average of experi- 
ments. Dealing with a man's power of carry- 
ing loads, a man can bear about 300 lbs. weight 
for a short time when standing still, but he 
could not carry it any distance. If it was re- 
duced to 200 lbs. he could carry it a short dis- 
tance on the level, and if it was further reduced 
to 100 lbs. he could carry it double the distance. 
Time, too, has to be taken into consideration. 
A given amount of work can be done in a given 
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time, but double the time is necessary to do 
twice the amount of ivotk. 

The standard of pov/er (or moving machinery 
is based on the average strength and endurance 
of a horse. What is known aa a horse-power is 
equal to a weight of 33,000 lbs. lifted one foot 
high in one minute. But if 3,300 lbs. were 
lifted ten feet high in one minuie, or the same 
weight raised one foot in one-tenth of a minute, 
the result would be considered equal to one 




Fig. 4^. 
hoTse-power. And the strength of a man work- 
ing at a winch is calculated on similar lines. 
With an ordinary winch pump of a given size 
he can raise a certain quantity of water to a 
certain height in a certain time, but if he has 
to raise a larger quantity, the time mast be 
increased or the height reduced, as his strength 
is a constant that cannot he varied excepting by 
mechanical appliances. 

If water has lo he pumped to a height which 
requires strength beyond that ol an average 
man when working at a winch, what is known as 
a " wheel and pinion " motion can be attached. 
This increases the applied power, but lowers the 
speed of the pumps. The n ... 
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average strength and turns the wheel the same 
number of revolutions in the same time, but Ibe 
crank which actuates the pump rod turns only 




half or one-third the times of the wheel, as the 
gearing is in the proportion of two to one or 
three to one. 
Fig. 46 represents a plan of a pump-frame 




Fig. 46. 
with wheel and pinion motion. The fly-wheel 
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and handles are mounted on the shaft L and at 
M is a small cog-wheel, which turns the larger 
one N. If the number of cogs in the small 
wheel is lo and the larger one 20 the power is 
doubled, but the speed at which the crank sha't 
revolves is only half that of the fly-wheel. If 
the large wheel had three times the number of 
cogs of the small one, the power would be in- 
creased three times, but only one-third the 
quantity of water would be raised in the time 
an ordinary direct-acting pump would do the 
work. And so on for other rates of gearing. 

We will work out an example of such a pump. 
Assume a pair of 3 in. pumps with gearing 20 to 
10 (or 2 to i) to raise water to a height of 200 ft. 
The distances of crank and handle from centre 
of shaft being 5 in. and 18 in. respectively. 

Then 32X '34x200=612 lbs. net weight of 
water to be lifted, to which should be added an 
allowance for friction of the moving parts of the 
pump. 

To find the power to be applied to the winch 
the rule is ; — 

p_ C X W 

When P=The Man's power. 
C = Length of Crank. 
L= Distance of handle from centre of 

shaft X rate of gearing. 
W= Weight or load to be lifted. 

Then P = 5J54^^i2]bs.^g j^^ 

18x2 '' 

Or if the gearing is three to one 

P=li5i-^i-5i^= 57 lbs. nearly 
18x3 

These are far above an ordinary man's capa- 
bilities for continuous work, and if we divide the 
results by 30 lbs., which we have before assumed 
as a fair value, we get 3 and 2 approximately as 
being the number of men required to work the 
pump under each of the given conditions. And 
to these we may add in each case, one additional 
man for labour absorbed by friction and excess 
of power over load. 
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By another rule we can (ind the size of the 
pump that one man could work under the given 
head of 200 ft. and 2 to i gearing, the crank and 
handle being 5 in. and 18 in. as before. The 
rule is : — 

n = A// Lx 2 X P \ 

^ VC X -34 X H/ 

Where D = diameter of pump barrel in inches* 
L= distance of handle from crank 

shaft. 
2 = rate of gearing. 
P= man's power =30 lbs. 
C= length of crank in inches. 
'34= weight of water in i ft. of i in. 

pipe. 
H= height to be lifted in feet. 

Then 

^ \5x-34X2oo/ 

With a pump of this diameter the power and 
load are in equilibrium. To have an advantage 
of power over load the pump should be smaller 
than that worked out, especially bearing in 
mind that no allowance has been made for 
friction of working parts and of the water in the 
pipes. 

The height of 200 ft that we have been work- 
ing on may seem extraordinary, but there are 
numbers of wells which are that depth, and in 
some parts ot the country even deeper. 

In practice it is found at times necessary to 
have double-handled winches, as shown by Fig. 
46, so that three or four men can work at the 
same time. In such cases it is difficult for each 
man to exert his power in unison with the others, 
and the value of 30 lbs per man should be con- 
siderably reduced. For large pumps and very 
deep wells it is necessary to employ horse, 
steam, or other power, instead of men. This 
will be referred to at a future time. 

We will now work out a few examples of 
water raised by deep well double barrelled 
pumps. 

How much water is raised in one hour by a 
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pair of 4 in. winch pumps with 12 in. strokes 
worked at the rate of 25 per minute? 

Then 

4* X '034 xiX25x6ox2 = 1632 gallons. 

How long would it take with the last pump 
to raise 20,000 gallons ? 

Then 
( 20,000 — — \ _ j2 ijQurs 15 minutes. 

\ -034 X4-X2X2i,x6o/ 

What size pumps would be necessary to raise 
930 gallons in one hour, the other details being 
as in previous questions ? 

Then 930—2=465 gallons raised by each 
barrel and 

^=^ ( •034x25x60x1 ) -3^'°'=''^^ 

With a pair of 4 in. winch pumps geared 2 to 
I, how much water would be raised in one hour, 
12 in. stroke, the fly-wheel revolving 25 times, 
per minute ? 

With this gearing the cranks revolve and the 
pumps work at half the speed of the fly-wheel. 

Then 
^4'x-o34xiX25x6ox3J ^g^^ g^„^^^ 

How long would it take a pair of 4 in. pumps 
with 10 in. stroke, geared 3 to i, to raise 1000 
gallons, the fly-wheel being turned at the rate of 
25 times per minute ? 

Then 

/ _i22?^.3_ ) =,,.206 hours. 

\ '034 X 12 X 4^^ X 2 X 25 X 60/ 

Treble Barrel Pumps, 

Pumps with three barrels are chiefly used for 
raising large quantities ot water. The power 
required for working them is a little more than 
for double pumps, and has to be applied more 
evenly. That is, it must be constant, as no 
matter in what position the handles may be, one 
of the cranks is always rising and water is being 
lifted or forced up the delivery pipe. Fig. 47 
is a side view of a "three throw" crank with 
the ends of the pump rods attached. Assuming 
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that the revolutions are in the direction of the 
arrow, the crank O is on the point of commenc- 
ing its upward travel and begins to lift water 
before P is immediately over the shaft, until 
which time it is also doing effectual work. Q 
is travelling downwards, and on arriving at the 
position O will then commence to do effectual 
duty. By a careful study of the figure it will be 
noticed that the worker has to apply his power 
during the whole of the revolution, and not vary 
it quite so much as in the case of single and 
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Fig. 47. 

double pumps. Neither does it make much 
difference as to the relative angle formed by the 
handle with the cranks. When the handle is in 
the position R the load is a little less than when 
it was at S. In this latter position the crank P 
is horizontal and further from the centre of 
gravity, hence the weight or load is greater at 
that instant of time than when in any other 
position. And this occurs three times during 
one revolution of the crank shaft. With a 
heavy fly wheel, and worked at a fair speed, the 
difference in amount of applied power would 
not be noticed by the worker. But if turned 
very slowly the man would find that as each ris- 
ing crank arrived at a horizontal position he 
would have to exercise a slightly greater effort 
Not suddenly applied, but gradually increasing 
as the crank rises to that position, and diminish- 
ing as it approaches the centre of gravity, which 
is immediately over the shaft. • 

For rais ng water with a " three-throw " pump 
to a moderate height, and with small size barrels. 
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one man can work it. But for deep well work 
gearing is necessary, as was explained for 
" double-throw " pumps. 

With the pumps we are considering, when 
being worked, the water is always in motion, 
both in the suction and delivery pipes. The 
motion is not quite constant, but varies accord- 
ing to the position ot the cranks. That is, the 
speed of the buckets increases as the cranks 
approach the horizontal, and diminishes as they 
pass above it The speed of the water in the 
pipes is in proportion to that of the upward 
travelling bucket From what has been ex- 
plained we conclude that air vessels are not so 
necessary for treble barrel pumps as for those 
with double and single barrels, unless they are 
worked at very high speeds. Large numbers of 
three-throw pumps are fixed without air vessels 
or chambers. The sizes ot the latter for all 
kinds of pumps are varied according to the 
height the water has to be raised. For the kind 
ot pumps usually fixed by plumbers they are 
from about four to ten times the capacity of one 
barrel. 

The positions in which treble pumps are fixed 
are governed by the same rules as the others 
that have been described, and it is unnecessary 
to repeat what has been before stated. As an 
aid to understanding the duty performed by 
treble barrel pumps we may work out a few 
examples, the rules previously given being also 
applicable in these cases. 

How much water can be raised by a 4 in. 
three-throw pump in one hour with 12 in. stroke, 
the handle being worked at 20 per minute? 

For one barrel we have : — 

4^ X -034 X 60 X 20=652-8 gals. 

And 632*8 X 3= 1958*4 gals, the answer. 

How much water would have been raised if 
the above pumps had been geared at 2 to i ? 

Then 1958*4 -7-2 = 979*2 gals. 

And if geared 3 to i ? 

Then 1958*4-^3=653 gals, nearly. 

What size direct action three-throw pumps 
with 9 in. strokes, the handle worked at 25 per 
minute, would raise 1,000 gals, in one hour ? 
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Then D= kJ ( ^"^ \ =2-95 

▼ V 034x75x25x60x3/ 

or say 3 in. pumps. 

In the above working ; — 
1,000= gallons raised. 
'034= gallons in one foot of i in. pipe. 
•75= length of stroke in decimal fractions of 

a foot. 
25 = strokes per minute. 
60 = minutes in one hour. 
3 = number of barrels, and 
D= diameters of the pumps in inches. 
What should be the sizes of the barrels in last 
problem if the pump is geared 2 to i ? 

As the pumps work at only half the speed 
they must be double the capacity. 

Then ^^(dia'2 x 2) = D or the diameter sought. 

Or /(3^ X 2) =4*24 in. or 4! in. nearly. 

If the gearing were 3 to i the barrels would 
have to be larger still, and the working would 
then be : — 

D= '^(3'^X3) = 5*i9in. or 5 i-5th in. nearly. 

As a final example : — What size three-throw 
pumps would be necessary to raise 5,500 gals, 
per hour, if I2in. strokes and the handle worked 
at 25 per minute, the rate of gearing being 
3 to I? 

In this case we have to consider that if the 
pumps were not geared they would raise three 
times the quantity. 

Then D= J( 55oox3 ) = 

^ \ '034 XIX25X60X3'' 
nearly. 

Force pumps will now receive attention. 

Force Pumps, 

The power that can be exerted by " force 
pumps " is limited only by the strength of the 
materials used in their construction. By the 
aid of suitable appliances a child would have 
little trouble in liTting, or raising, a load of 
several tons. It is stated that Archimedes made 
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n [hat it he bad a place in which to 
fix a fulcrum, by the aid of a lever he could 
lift the worl± And doubtless a body equal in 
weight to the world could be lifted by hydraulic 
machinery if the latter could be made strong 
enough lor the purpose, and a suitable base 
found tor placing it. In an earlier lecture a 
few examples of the power of hydraulic 




Fig. 48. Fig. 49. Fig. so. 

machinery were explained and worked out, but 

the methods of generating that power were not 
dealt with. 

It will best answer our purpose to first deal 
wilh simple forms of force pumps. Figs. 48 
and 49 are sections of those often used by 
plumbers for removing obstructions'in sink and 
other waste pipes. The only difference between 
them is, one has a solid plunger or pision with 
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hemp or similar material bound round near the 
bottom end, and the other one has two cup 
leathers mounted on an iron rod. Fig. 50 is 
another form in which this kind of pump is 
made. This differs from the others in not hav- 
ing any cup leathers or similar provision, but a 
stuffing box, or gland, on the top of the barrel 
to prevent water escaping round the piston. 
Sometimes the pump shown by Fig. 51 is used. 
This is the same as Fig. 50, but has a lever 
handle for working the piston, the short arm 
of the lever being mounted on a vibrating link 
fixed near the top of the barrel. 

In another form, the pump has a sling and 
guide instead of a vibrating link. 

In each case a "spindle" valve is fixed in 
the suction end of the pump. Near the bottom 
of the barrels are branches with valves inside, 
which open outwards. That is, they allow the 
water to escape, but not to return. On raising 
the piston the water is pushed into the barrel by 
the outside atmospheric pressure, as explained 
for lift pumps, and on pushing the piston down 
the water is forced out of the branch. The 
latter is usually temporarily attached to the end 
of the pipe which is being unstopped by means 
of a short piece of very strong canvas or leather 
ho3e. The connection is made by inserting 
the end of the waste pipe into that of the hose 
and tying loosely with strong cord, which is 
then tightened by a " twitch " or piece of wood, 
or a small tool such as a plumber's bolt, which 
is pushed under the cord, and then twisted 
round until the joint will resist a good water 
pressure when exerted inside. 

The pressure per square inch exerted by the 
pumps Figs. 48 to 50 is calculated by the 
rule : — P-fA, in which P equals the man's 
power of pressing down, and A the area of the 
end of the piston or plunger. If we assume 
that an ordinary man can press downwards with 
one hand with a power of 50 lbs., in addition to 
an allowance for friction of the piston in the 
barrel, and that the pistons are 2 in. in dia- 
meter in each case, we then have 2- x 7854 = 
3*1416 square inches as the areas of the ends. 



Then so-J-3t4i6=i5'9lbs. as the pressure 
exeried p«r square inch inside (he barrel and 
pipe connections. 

To find the power applied for the removal of 
an obstruction in the waste pipe we first find 
the area of the surface pressed against and x 
by the ptessure per square inch exerted by ihe 
pump. As an example, if a z in. pipe is 
choked, we then have 2'x 7g54x 15-911)8.— 




Fig. 51. 
49*95, or say 50 lbs., which is the same as was 
exerted by the man on the piston. If the pipe 
was I in. tn diameter we then have i>x 7854X 
rs'9=izz81bs., or only one quarter of the 
man's elTorts usefully exercised 
When the area of the end of the piston and 
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the diameter of the waste pipe are the same 
the whole efiort of the man is utilised. For 
instance, if in the latter case, with the i in. 
pipe, the piston had been i in. in diameter the 
whole of the power would have been usefully 
employed. 

By the aid of the pump shown by Fig. 51 
the power is considerably increased. To ex- 
plain this, assume that a man has a yoke on his 
shoulders and a pail suspended from each end, 
each, with its contents, weighing 50 lbs. There 
being two pails of equal weight they balance 
each other, but the man has to support a load 
of 100 lbs. And so with the lever handle pump. 
If the man's power of 50 lbs. is exerted at C, 
which is the same distance as A from the ful- 
crum B, the total weight on the latter is 2 x 50 
or 100 lbs., as the resistance at A balances the 
power at C. 

If the lever is extended to D, the length from 
D to B being twice that from B to A the whole 
of the power is increased. And 50 lbs. of pres- 
sure exerted at D would require 100 lbs. resist- 
ance at A to balance it, and 100-1-50=3 150 lbs. as 
the weight resting on B. And so on for any 
other increase in length of the lever. 

In a previous problem we found that the 
pressure exerted in removing an obstruction 
was in the proportion of the area of the piston 
end to the diameter of the waste pipe. With 
the 2 in. piston and 2 in. pipe and the pump 
shown by Fig. 51, 50 lbs. applied at D would 
press against the obstruction with a total force 
of 1 50 lbs., but with a i in. pipe, which is one- 
fourth the size, the pressure would be only 
37*5 lbs. And so on for any other variations. 

A great advantage of the force pump for 
removing an obstruction is, that no matter in 
what position it may be, even several feet or 
yards away, or beyond bends which would not 
allow a cane to pass, the same power is exerted 
as if it had been near the pump, always pro- 
vided that the pipe is full of water, and not air. 
For practical purposes, it is generally assumed 
that water is not capable of being compressed, 
or made to occupy a lesser space when under 

a 
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pressure. That being so, the force exerted by a 
man with a pump against the object to be re- 
moved is in proportion to the same power 
applied to the end of a solid rod ot any hard 
material, the other end pressing against the 
obstruction. 

The power of a force pump is utilised for 
testing the strength of pipes, boilers, girders, 
and many other fittings. Also for generating 
hydraulic power for moving machinery, work- 
ing lifts and elevators, and many other pur- 
poses. 

For testing pipes, boilers, &c, the pump 
is fixed in a chamber, as shown by Fig. 52. 
The size of the pump piston is very small, and 
the chamber holds only a few gallons of water. 
When a boiler is being tested it is first filled, 
and then all manholes and connections are 
made tight. The pipe £ is then made good to 
the boiler and the pump worked. When the 
boiler is filled, no matter if it holds 10 or 1,000 
gallons, it has only to resist the pressure of the 
contained water, but if only an additional few 
drops, or a very small quantity more is forced 
in, the internal pressure is raised to an enormous 
extent. To explain the increase, we may 
assume that a cylinder, or cylindrical boiler, 6ft. 
long by 3 tt. diameter, is being tested, and the 
pump has a i in. piston, the lengths ot the short 
and long arms of the lever being 4 in. and 36 in. 
respectively. The pipe from the pump to the 
boiler being i in. in diameter. Larger sizes are 
unnecessary, as it is pressure, and not volume, 
of water that is required. 

The area of the piston end being i^ in. x 
7854 = 7854 of an inch. It a lib. weight was 
hung on the end of the lever at F, the resistance 
at the other or short end would be found as 
follows : — 

^ — S" 

Where R=the resistance of the link at the 
end of the short arm. 

L=the length of the long arm in inches. 
S=the length of the short arm in inches. 
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W=the weight placed on the end of the long 
arm. 
Then 

R = 361iL4_L]b:^. lbs. 
4 m. 

This is equal to 10 lbs. resting on the top of the 
pump piston. 

The area of the latter being 7854 and this 
X 10=7*854 lbs. pressure exerted and this is 
transmitted to each circular inch inside the 
boiler. A small deduction should be made for 
friction of the piston in the barrel, but this is 
partly overcome by the weight of the long arm 
of the lever being in excess ot that of the short 
arm. 

If a pressure of 50 lbs. was exerted at F, we 
should then have 

R=36x5o lbs. 

4 
The resistance of 450 lbs. being necessary to 
balance 50 lbs at the end of the long lever, we 
have 450+50 = 500 which-^7854= 636*62 lbs. 
pressure per square inch transmitted to the 
boiler. 

To vary the last problem we will assume that 
the boiler is to work under a pressure of 100 lbs. 
and that its ultimate breaking strength is 
800 lbs. per square inch. What should be the 
heaviest weight placed on a pump lever at F? 

The boiler should be tested, not to destruc- 
tion, nor to strain and weaken it, but to a point 
six times above its working pressure, or say 
600 lbs. 

Then 600 x 7854 x i^ in. =471*24 lbs. to be 
applied to the top of the piston. The lever is 
4 in. +36 in. =40 m. long and in the proportion 
of I to 9 and i-9th of the weight is hanging on 
the long arm and 8-9ths on the short arm. 

Then 4x471-24^ .36 lbs. 

the heaviest weight that should be applied to 
the lever at F. 

Before going any further with force pump 
problems we will dwell for a short time on the 

G 2 
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strength of the materials necessary for the 
barrels, &c. 

Taking first the pump shown by Fig. 48. 
We have already found that the pressure inside 
the barrel is equal to 15*9 lbs. per square inch 
when the piston is pushed down with a power 
of 50 lbs. If we assume that for a short time 
the power could be doubled, the pressure would 
aJso be doubled, and for our present purpose 
we will take it as equal to 32 lbs. per square 
inch, and the barrel must be strong enough to 
resist fracture when that force is applied. To 
allow for contingencies it is usual to take the 
safe strength of the materials at something be- 
low their actual breaking strength. Force 
pump barrels are usually made of brass, and as 
that alloy varies very much indeed in its com- 
position a wide margin should be allowed, and 
I -6th of its tensile strength taken for safe 
working. On referring to Molesworth's tables, 
we find the tensile strength of cast brass is 
8 tons per square inch. That is, an average 
bar of brass, i in. square in section, breaks when 
8 tons are suspended from it. Then 8 tons 
-r 6 = 3000 lbs. nearly as safe working 
strength. If we assume that we are dealing 
with I in. in length of the pump barrel, which is 
2 in. in diameter, and that the water inside is 
divided across the diameter by an imaginary 
line or space, and that a force in this space is 
tending to separate the water into two halves, 
the thrust will act on opposite sides of the 
barrel and exercise a tearing strain on the 
material. The diameter of the barrel being 
2 in., which x i in., the length we are dealing 
with, we have 2 square inches. And this x 
32 lbs., the pressure exercised when the pump 
is worked = 64 lbs. tending to tear the barrel. 

Then by rule of three we have 

. •. 3000 lbs. : I in. : : 64 lbs. : 00213 in. 
the thickness of the two sides of the barrel, 
which -7-2=0*01056 in., or less than i-64th of an 
inch as the thickness of one side to resist being 
torn by the applied pressure. For practical 
purposes this thickness would be quite sufficient, 
but a pump of that substance would be liable to 
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injury by bruising when being cairied abDUt or 
allowed to lay about ihe workshop, and should 
be made sironger, or about I-i6th in. thick. 
The sirengih of the barrel for the ).uinp 




Fig. 52. 
shown by Fig. 52, can be found by the same 
rule. The diameter being 1 in. (more properly 
speaking it is liin., so that there is no (riction 
of the piston excepting at the stuffing bon), and 
assuming it is construcled to test with a 
maximum pressure of 2 Ions, or 4480 lbs. pet 
square inch. We then have for a brass barrel 

.-, 3ooolbs, : 1 in, :; 448olbs. : f493in. 
which-^2 = 746 
or nearly Jin. thickness for the sides of 
the barrel. 

And for (he boiler, which is made of wrought 
iron, and has rivetted seams, we have 3 ft. or 
36 in. diameter. Molesworth gives an average 
tensile strength per square inch of wrought iron 
as 22 tons. If we take the safe strength as i-6th 
ihe breaking strength we h.ive 22^6=33rds 
tons, or S213 lbs. If the boiler has 10 work 
under a safe pressure of 100 lbs., we have 
100x36 in. =36bo. 
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.•.8213 : I in. :: 3^>oo : 0*438 which -7- 2 = 
0219 in. or a thickness of a little over i-5th of 
an inch. As the boiler plates are weakened by 
the rivet holes a further allowance should be 
made for this, and double the above thickness 
used under the given conditions. 

The force pumps that we have hitherto dealt 
with have worked vertically, but it is not 




Fig. 53. 

essential that they should do so. A great 
many used for raising water are fixed hori- 
zontally. 

The section, Fig. 53, is an example in which 
the piston H is worked directly from the crank 
shaft I by the connecting rod J, which works 







Fig. 54. 

on a joint at K. L and M are valves on ihe 
delivery and suction pipes. The quantity of 
water raised at each stroke is equal to the cross 
section of the piston x the length it is drawn 



FORCE PUMPS. 87 

out of the barrel. Assuming that the piston is 
3 in. diameter and travels in the barrel 9 in. 
The solid contents of the piston being 3^ in. x 
7854x9 in. — 63*6174 cubic inches. And as 
1728 cubic inches : 6i galls. :: 63*6174 cubic 
inches : '23 galls. The barrel may be 4 in., 
or any other diameter larger than the piston, 
but the quantity of water raised at each stroke 
is equal only to the volume of the piston. 

To prevent the piston "rocking" in the 
barrel it is sometimes necessary to have a guide 
to give it a parallel motion. With the same 
object in view, force-pumps are made as shown 
in section by Fig. 54. The piston is hollow 
and the coupling rod connected to the bottom, 
or inner end, as shown in the figure. In this 
case the size of the piston governs the " throw " 
of the crank. If the latter is too large the 
coupling rod knocks against the inside of the 
piston, as shown by the dotted lines, during the 
revolution of the crank. 

Both the foregoing pumps can be fixed in 
pairs or trebles and worked from the same 
crank shaft, as was described for ordmary lift- 
pumps. The manual power to work them is 
found by previous rules. 

A great many force-pumps are worked by 
direct action of horse or steam, or water-power, 
but these will be refened to later on. 

We will now refer to combined lift and force- 
pumps. The principles are explained by Fig. 
55. In the figure O is the barrel, P the piston 
with double cup leathers, Q the suction-pipe, 
R the delivery, SS^ the suction valves opening 
inwards, and T T^ the delivery valves opening 
outwards. When the piston is rising the valves 
S^ and T open and S and T^ close. When the 
piston is travelling downwards S and T^ open 
and Si and T close, the water being pushed up 
by atmospheric pressure into the barrel or 
cylinder and lifted out of the upper, and forced 
out of the lower, portion by the power applied 
to the pump. 

Fig. 56 is a section of one out of a great 
many that have been patented for use by 
manual or hand-power. Fig. 57 being a cross 
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section of the barrel In pumps of this descrip- 
tion it is usual to call the suction and delivery 
valves "ports." In the drawing the piston is 
shown working in a barrel, U, and outside the 
latter is a second one, V, with divisions running 
the whole length on opposite sides. When the 
piston is rising water enters the port W, and 
that above the piston is lifted through X. 




Fig. 55 

When the action is reversed Wwiter enters at Y, 
and is forced through Z. A copper air vessel, 
A, has stuffing boxes at B B, through which the 
bucket rod C works. The suction D is con- 
nected to the well or other water to be raised, 
and the delivery pipe is connected to the air 
vessel at £. 

This pump is harder to work when a lever 
handle is used than ordinary lift-pumps, owing 
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to the friction of the bucket rod in the two 
stuffing boxes, and having to use as much effort 
when raising the handle as when pulling down. 
For these reasons it is advantageous to work it 
with a winch on frame. As much water is raised 
by it as with a double barrelled pump, the 
diameters of the working barrels and length of 
stroke being equal in each case. 

Power for Working Pumps, 

The powers for working are man, donkey, 
horse, steam, gas, water and electric. Their 
relative values are based on the average strength 
and endurance of a horse. This, for engineer- 
ing purposes, is assumed to be equal to a load 
or weight of 33000 lbs. lifted i ft. high in one 
minute. If 33 lbs. were lifted 1000 ft. high in 
one minute or 330 lbs. were lifted 100 ft. in the 
same time, it would be considered as i h.p. 
And again, if 3300 lbs. were lifted i ft in »-ioth 
of a minute, or 330 lbs. were raised i-ioth of a 
foot in i-ioth of a minute, the work done would 
still be considered as equal to i h.p. Hence 
the unit of power is called one horse. Multiples 
and fractions of the same all bear some propor- 
tion to the unit above expressed. To compare 
a man's power to that of a horse, we may take 
as an example a problem in which a man 
works at a 4 in. jack-pump with 12 in. stroke at 
the rate of 30 strokes per minute and raises the 
water to the height of the nozzle from a depth 
of 25 ft. 

Then 4^ in. x i x 34 x 30 x 25 = 4080 foot 
pounds and 4080-^33000= •1236, So that the 
power exerted by the man in this case would 
be considered as ^th h.p. 

Taking another example of a man working 
a lift pump. Let the pump have 3 in. 
double barrels with i ft. stroke, geared 2 to i to 
raise water 50 ft. high, the revolutions of the fly 
wheel being 25 per minute. Then 
3>x2> -34 x50x25 ^ ^g25 

And 3825-7-33,000 = '1 16. And this shows the 
power of the man actually exercised at the 
winch pump, under the above conditions, to be 
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a little less than i-9th horse power. If double 
the quantity of water was raised to half the 
height in the same time, or half the quantity 
was lifted to twice the height in one minute, the 
proportion of work done would be considered 
as I •9th of the unit or standard of work. 

In many cases the power of a number of men 
is utilised for pumping by having a cap- 
stan and shafts as shown on plan by Fig. 58, 
in which £ £ are the shafts pushed round by 
the men walking in the track, F F. G G are 




Fig. 58. 

the tie rods from shaft to shaft, H is the frame 
to support the capstan, and the large cog wheel 
I. 'Ihe cogs of the latter are on the under side 
and are toothed into a smaller wheel, J, fixed on 
the crank shaft, K, from which hangs rods, L, 
to actuate the pumps fixed in the well M. Fig. 
59 is a side view or elevation of the same 
engine. The reference letters are the same in 
both illustrations. To find the power or number 
of men to work the pumps we must have some 
data to work from. 
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Assuming (he pumps la be 4 in. double 
barrelled with 9111. strokes. The cenlre of the 
track the man or men walk in 20 it in diameter, 
ihe applied power being 10 ft. from the cenlre 
of the capstan which is turned three times per 
minute. The lar^e wheel is $ ft. and the 
small wheel 6 in. m diameter. The centres 
of the cranks being 4) in. Irom centre ol (he 
crank shaft, and the water is to be raised lo a 
height of 100 ft 




Fig. sg. 

To find Ihe work to be done the rule is :— 

W=Hxdx-34xRxNxI, 
Where W = work to be done. 
H=heighl in feet the water is to be raised. 
d=< diameter of barrel in inches. 
■34 = weight of water in 1 ft. of I in. pipe. 
R=revolutions of crank shaft per minute. 
N =number of barrels. 
L=length of stroke. 
And H = 100 fL 
d=4m. 
R. 36^3 = ,8 

L=9in. = 75ft- 

Then W = iooxi6x-34xi8x2X7S = i4688 
foot lbs. per minute. 

As pump gearing is generally in a position 
where moisture or dust and dirt is present, a 
great deal of the applied power is absorbed by 
I rid ion caused by rust and grit. 

H we assume this to be = to Jrd we then 
have i4688+{irdol 4896)=i9s84 foot pounds. 
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A J IQ584 

^[fooo ~ °'5^ H.P., or horse power required 

to do the work. 

If we further assume that the gearing shown 
by Figs. 58 and 59 a man's power is i-6th 
that of ahorse; then i-6th = -i66. 

And as '166 ; i : : 59 : 3*5. 

Thus showing that the power of 3) men is 
necessary to raise the water under the given 
conditions. 

With regard to the power obtamed .by the 
gearing the problem is based on the principles of 
compound levers. 

The crank and small cog wheel have radii of 
4i in. and 3 in. respectively. The heaviest load 
is when the crank is horizontal, and is found as 
follows : 4'' X '34 x 100= 544 lbs. 

The length of the lever represented by the 
length of crank being 4^ in. we have 544 x 4^ = 
2448in.-lbs. hanging on the crank* To raise 
this the power to be applied to the small cog 
wheel is found by dividing the above inch-lbs. 
by the radius of the latter. And 2448-^3 = 
816 lbs. 

This power is derived from the horse or men 
at the end of the shaft, which is 10 ft, or i2oin., 
ong, acting on the large cog wheel, whose radius 
is 18 in. 

Then i2o-M8=6-66. 

And 8i6-T-6*66=i22'5 lbs. to which should be 
added one-third for friction. 

. •• 1 22*5 4- ( I -3rd or 40*8) = 163*3 lbs. of pres- 
sure to be applied to the end of the driving 
shaft. 

Stated concisely the problem is — 

The power to be applied 

^4i2<:M><ioo2i£iXi8^j22- lbs 
3x120 

to which add i-3rd for friction as before = 
163-3 lbs. 

If this were divided by the number of men we 
have. 

i63'3-r3'5 =46*6 lbs. of pulling or pushing; 
pressure exerted by each man at the shafts. 

For long and continuous work a number of me n 



would not average tbe above pressure indi- 
vidually, and io calcnlatitms for pamping with a 
capstan and shafts or levers, a man should not 
be valued higher than i-ioth of ahorse. In our 
last problem the power required was '59 of 
that ofa horse, "59x10 would give S"9, or say 
six men to do the work. The individual eflbrts 
of the men being = i6y3-T-6=2y2 lbs, pressure 
on the diafts. 

With regard to the power of animals, although 
that of a horse is usually taken as being able to 
raise 33,ooolbs. one foot high in one minute, as be- 
fore italed, it is only half that, or 16,500 lbs. A 
' pony or donkey is usually assumed to have half 
the power of a horse, but these animals do noi 



Fia Co, 
weigh nearly or half as much, and they should 
not be rated at more than i horse power. 
Buttocks are about as strong as horses but 
slower in speed. 

Inadditiontosteam, gas, water and electricity, 
hot-air and petroleum engines are also applied 



one is an ordinary engine with a rigger or pulley 
wheel fixed on theend of the crank shaft From 
this a belt, or driving strap, passes round 11 
similar rigger on the end of the pump crank 
shaft. This is instead of the winch handle on 
the left side of Fig. 41. The siies of the 
wheels being regulated in proportion to the 
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speed of the engine and the rate it is desired 
the pumps are to work. 

Another method is to work the pumps by 
" direct-action " of steam. The principle is ex- 
plained by Fig. 60, in which N is the pump, O 
the steam cylinder, and P the steam ports 
which are opened and closed by the slidinj? 
valve. The pumps are usually in pairs and the 
pistons are connected by rods or shafts, Q. By 
this arrangement the steam pressure is trans- 
mitted directly to the water in the pumps and 
forces it into the delivery pipe, which has an ait 
vessel, R, for preventing shock in the pipes. 

Fig. 61 is a " Beam Engine." The beam, S, 
rocks on an axis, or trunnions, in the centre, and 
the motion is caused by the steam in the 
cylinder, T, the force being transmitted to the 
pump, U, or to a crank-shaft and fly-wheel for 
working two or more pumps. The connecting 
rods to the steam and pump pistons have joints 
and guides, not shown in the figure, to give 
them a parallel motion. 

Gas engines are worked by exploding small 
quantities of coal gas and atmospheric air in a 
cylinder which causes a piston to move and 
transmit the force of the explosion by means of 
a pulley on the crank-shaft and a belt to a pulley 
or rigger on the pump shaft. The shock is 
steadied, and a continuous motion given by 
means of a rather heavy fly-wheel, mounted on 
the same shaft as the driving pulley and piston 
connection. 

"Hot-air" engines are worked by the alter- 
nate expansion and contraction, by Heating and 
cooling, of a volume of air in a cylinder heated 
by coke or other fuel. The pumps are usually 
worked directly from the engine, but pulleys and 
belting can be used. 

** Petroleum-engines " are worked by explod- 
ing the vapour ot that oil mixed with air, much 
in the same way as with gas eng'nes. When 
these engines are used they should be fixed 
some distance from the well or reservoir, and 
care taken that none of the fuel should be spilt 
or allowed to get into the water. 

Gas, hot-air and petroleum engines are all 
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very useful for small pumping stations, such as 
are usually found for supplying mansions, farm- 
stead i, and villages, and do not require any ex- 
traordinary amount of attention. 

" Water power " is much used for pumping 
both on a large and a small scale and is applied 
in many ways. There are several kinds of 
" Hydraulic engines." Figs. 60 and 61, where 




Fig. 61. 

made especially for working with water mstead 
of steam, are capable of exerting great power. 

Hydraulic rams and double-action, or pump- 
ing, rams are doing excellent work in all parts 
of the country where there are streams or 
springs ot water» Such appliances will be 
dealt with at a future time. 

Water-wheels are another power for raising 
water. As these machines come under the 
heading of hydraulics we will here deal with 
them. 

Water Wheels, 

Of all the mechanical powers that are utilised 
for pumping none are of more interest to 
plumbers than water wheels. Although not 
made by such workmen they are used in many 
places, and plumbers frequently have to fix the 
pumps and pipes in connection with them. In 
distant country places the wheels are often 
made by the estate, or village, carpenters or 
blacksmiths, and it is necessary that the plum- 
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ber should have some knowledge of their power 
and working, so as to be able to give advice 
when called upon to do so, or make repairs when 
necessary. 

Wheels are divided into three classes. Fig. 
62 is drawn to enable the student to distinguish 
them. When the water is discharged onto the 
top, as at V, it is known as an " Overshot 
wheel;" when in the centre, as at W, a " Breast 
wheel;" and when the stream runs beneath, it is 
known as an " Undershot wheel." The sides of 
the rims of the wheels are known as ** Shrouds." 
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Fig. 62. 



The rims of the first two kinds are divided into 
curved compartments for holding water, and 
these are called " Buckets." The divisions in 
Undershot wheels are straight instead of curved, 
and parallel to the spokes or radii. These 
divisions are known as " Floats." 

Fig. 63, is a diagrammatic side and edge 
view of an Overshot wheel in which X is a crank 
attached to the axle. Y the pump, with barrel 
similar to Fig. 54, but the suction and delivery 
valves different; and Z, the air vessel and 
delivery valve. With such wheels the gravity 
or weight of the water is the motive power, and 
has the same influence as a weight on the long 

H 



arm of a lever. Hence to find the power of 
such a wheel the quantity oi weight of the water 
retained in the buckets has to be Itnown, and 
also the length of the series of levers repre- 
sented by the lengths of the spokes, or to be 
niorc exact, the horizontal distance from the 
centre of the crank shaft to the centres of the 
buckets. The size of the latter, and the dis- 
tance between the shrouds should also be known 
so that their holding capacities may be 
calculated. 

As far as possible the water should be regu- 
lated to the size and speed of the wheel. If not 
so regulated a great deal is wasted by the latter 
revolving' so slowly that the buckets Gil to over- 




FlG. 63. 
flowing, or the revolutions are so quick that 
they do not fill properly, the water splashing 
outside. The width of the mouths of the 
troughs or buckets, or their distance apart, has 
also to be regulated so that ihey fill evenly and 
w'lhout shock. 

Fig. 63 is a sketch of one of the smallest 
wheels the writer ever had to do with, and is 
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drawn from memory. The pump had a liin. 
barrel^ with a 4 in. stroke, the suction and rising 
main being f in. The diameter of the wheel 
was 36 in., and the length of buckets (or distance 
between the shrouds) 3 in. The available 
quantity of water was about 70 gals, per minute, 
and the height to which pumped about 50 ft. 
In the figure are broken lines drawn vertically 
from the loaded buckets to the horizontal spoke, 
with arrows showing the direction of the pres- 
sure caused by gravity. It will be noticed that 
no two buckets are the same horizontal distance 
from the axis, and neither do any two hold the 
same quantity of water. To find the exact 
power of the wheel would be a tedious task as 
the contents, or weight, in each bucket would 
have to be calculated and the distance from the 
axle measured. But an approximation can be 
arrived at, and this will answer our purpose. If 
we take it that the buckets are 3 in. wide, and 
the depth from the face to the "sole-boards," 
or bottom nearest the axle, 3 in., the bucket 
shown at H would very nearly have the capacity 
of one-fourth of a 6 in. pipe. 

Then 6 in. x 6 in. x '34= 12*24 lbs. of water in 
one foot of 6 in. pipe. 

1 2 •24-7-4=3*06 lbs. in 3 in. of the pipe, and 
3*064-4=076 lbs. weight in the bucket H. If 
we assume that the weights in those above 
gradually increase at the rate of *i2lbs., and 
tnose below, that retain water, decrease in the 
same proportion we have one datum to work 
from. The others can be measured from a 
scale drawing, or the distances can be taken as 
f> gured on illustration 63. 

By a rough calculation we find that the weight 
o i water in the buckets is about 1 1 *48 lbs., 
which X the horizontal distance from the 
centre of the axle the total weight pressing on 
the horizontal lever, represented by the spoke 
opposite bucket H, is equal to 1 1073 inch* 
pounds. 

Assuming that the size of the pump was un- 
known, and it was necessary to find what the 
wheel would work, after allowing one-fourth of 

H 2 
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the power as being absorbed by friction, the 
lule would be : - 
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C X '34 X h 

In which D = the diameter of the pump. 

P = power of wheel. 

C = length of pump crank. 

•34= weight of water in i ft. of i in. pipe. 

h= height to which water is raised by pump. 

Then d = a/"Q73X '^^3^3219^ 

^ 2 X -34 X 50 I '36 

2*44 and /2'44 = i*56or a little over liin. dia- 
meter of pump barrel. The same wheel would 
work a 1 ^ in. double-action or double-barrel 
pump and the motion would be more even. The 
weight of water in the suction pipe is so small 
as to have little or no effect on the working. 

To find the quantity of water raised by the 
pump the rule is : 

g= D^ X 034 X 20 X L. 

Where g= gallons of water raised per minute. 

D = diameter of barrel in inches. 

*o34=gallons in i ft. of i in. pipe. 

20= strokes per minute. 

L = length of stroke. 

Then g= 1*562 x '034x20 x -i- = '5516 gals. 

per minute, which x 60=33 gals, per hour or 
792 per day. If a double-barrel pump was used 
the latter quantity would be doubled. 

When the power of a wheel is calculated to 
its utmost capacity, it follows that the water 
supply must be equal to the work to be done. 
To find the quantity necessary to drive the 
wheel, we may assume that the periphery is 
filled 20 times per minute. 

To find the contents, we first calculate what 
the whole wheel would hold and then deduct 
the centre portion. Then 3»x 4*9 =44*1 gals. 
And 2*52 X 4*9 = 30 '6 and 44*1— 30*6= 13*5, which 
~5~4=3*37 gallons the holding capacity if the 
whole of the buckets were filled to the outer edge 
of the shrouds. As the wheel revolves 20 times 
per minute, we have 3*37x20 =67 5 nearly gals. 
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required per minute. The water should flow at 
a little higher speed than the wheel, but the 
above quantity is sufficient as the speed of the 
former increases to a slight extent when leaving 
the trough, as triction then ceases to exercise a 
retarding influence. 

The width of the trough should be less than 
the wheel, so that the water shall not splash 
outside the latter. The depth of the water a 
few inches back from the outlet, assuming the 
trough to be 2i in. wide, would be found as 
follows: Diameter of wheel x 3*1416 x 20= 
i88'5 nearly feet per minute lineal velocity. 

Then 67*5 gallons=io-8 cubic feet, or 18662*4 
cubic inches of water per minute. 

i88'5lt. = 2262 lineal inches representing 
velocity per minute. 

And J^^662'4 ^ . jn^j^gg ^i,^ ^ ^j^ ^f ji,e 
2262x2*5 
water in the trough. 

If the water had a fall of a few inches onto 
the wheel a thinner, or shallower stream would 
answer the purpose as additional power would 
be gained from the impulse of the falling water. 
Too much fall should not be given to cause 
shock and excessive splashing. 

For effective duty done by the pump we may 
assume that the water falls a distance of half 
the diameter of the wheel, or say 1*5 ft. The 
amount used per minute being 67*5 gallons or 
675 lbs., we have 675 X i*5 = ioi2*5 foot-pounds 
from which deduct ird. as being absorbed by 
friction =101 2 •5— 337 '5 =675 foot-pounds effec- 
tive power per minute. 

The quantity raised being '5516 gallons or 
5*5 16 lbs., and the height 50 ft , then 5*5 16 x 50 
= 275 8 ioot-pounds of work done per minute. 

And for the per centage of work done by the 
wheel : — 

As 675 : 100 : : 27q*8 : 40*86 nearly. 

The speed of 20 revolutions of the wheel or 
20 strokes of the pump, should not be exceeded 
or the latter would soon wear out. If it is 
necessary for the wheel to run at a higher speed 
a small pinion could be attached to the axis of 
the crank X, Fig. 63, and this geared to a larger 
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cog wheel fixed on the end of a crank shaft to 
work one, two, or three pumps. 

With regard to the power of large size over- 
shot wheels, the principles already laid down 
apply to them also. In general terms it may be 
stated that the greater the diameter of the 




Fig. 64. 

wheel the further the weight (water) is removed 
from the centre of gravity, or distance from the 
axis measured on a horizontal line, the greater 
the power. And the longer the distance be- 
tween the shrouds the greater the holding 
capacity of the buckets. This again adds to 
the power in the same way as placing a larger 
weight on the long arm of a lever would increase 
the power of that appliance. It is far better to 
increase the length of the buckets than their 
depth. With deep buckets the weight of the 
water is nearer to the centre of gravity, which 
reduces the power of the wheel, and neither 
do deep buckets fill to advantage. A thick or 
deep stream of water on the wheel is not nearly 
so good as a thin one, and for that reason the 
small wheel which we took as a text for explam- 
ing certain principles should not be accepted as 
a model. It would have been much better if 
the buckets had been shallower and two or 
three times the length, and the power water fed 
out of a channel 01 trough about twice or three 
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times the width. The stream would then have 
been about one-half or one third the depth. 

With very large wheels the weight on the 
periphery or rim is very great, and when the 
pump cranks oi other machinery are turned by, 
or geared to, the axte, the strain on (he spokes 
is a, serious matter. To avoid this some wheels 
have cogs inside the bucket rim, which actuate 
a small wheel or pinion, as shown by Fig. 64, 
fixed on the end of the pump ciank shaft. The 
speed ot such a wheel should be very slow when 
used for pumping, otherwise the pumps would 
soon wear out. If the speed is, say (our revolu- 
tions per minute, and [he diameter of ihe 
pinion one-sixih of the wheel, the proportion is 
one to six, Ihe small one revolving six limes to 




Fig. 65. 

the other's once, so that the pumps would make 
24 strokes per minute. Should the speed be 
higher than that given it would be necessary 10 
gear another shaft with cog-wheels of properly 
proportioned sizes for actuating the pump's 
ciank at the speed best suited to (heir capacity 
for working. By additional gearing the friction 
is increased, and an allowance should be made 
foi this when calculating the power. Fig. 65 is 
a " Breast ■' wheel in which the feed water enters 
the buckets at or near the centre. Some have 



I04 
shrouds a: 



PUMPS. 



for overshot wheels, and others work 
o walls or similaT enclosures, which 
are so close that very little water can escape 
pa^t without acting on the wheel. If the 
buckets are of a good foitn the water is 
retained in them until they pass beyond the 
side walls, whence it flows into the " tailrace " or 
waste water channel. 

For calculating the power of this wheel the 
v^light of the water and the impulse given by its 
velocity have to be taken into consideration. If 
ihe stream enters the wheel at the level of the 
bucket No. i, the wti^hi has an effect on all 
the buckets from i to ^. If the water level was 
lowered to bucket No. 3 the power would be 
less, as only Nos. 2 to 7 would be influenced. 
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And so on until the stream was level with Nos. 
6 and 7, when weight would cease to act and 
impulse only would hd.ve any effect. 

The velocity ot the stream should be such as 
to give a good impetus to the ftheel and exceed 
the speed of the latter. That is, if the bucket 
tim travels at the rale of 3 fL per second the 
water should flow with a speed of about three 
times that, or 9 ft. per second. If the wheel 
and water both travelled at the same speed the 
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power would be wasted, but when the former 
travels at a lower speed it offers a resistance 
to the latter, and it is in pushing that resistance 
before it that we get what we call "power" out 
of the water and transfer it to the machinery 
which is to be put in motion. Although it 
would be impossible to do so, if the wheel was 
so fitted that no water could escape past with- 
out doing duty, to get the full effect the water, 
entering at 9 ft. per second, should leave at the 
velocity of the rim speed of the wheel, or 3 tt. 
per second, and flow freely away so as 
not to drown the floats or buckets by back- 
water. 

If the surface level of the water was even with 
the axle of the wheel, but there was a sloping 
fall, as shown by Fig. 66, so that the water 
strikes bucket No. 2, instead of No. i, as in 
Fig. 65, the wheel is more powerful, as the im- 
pulse is greater owing to the extra velocity 
attained by the water falling from a greater 
height. The latter may be only a few inches, 
but with a large wheel this may represent an 
increase of one or more h.p. By the same 
reasoning, if the level of the feed water was 
raised so that ir impinged, or fell on the bucket 
No. I, instead of gliding into it, the power 
would be still more increased. 

If the water travels in a straight line level 
with the centre bucket, as shown by Fig 65, a 
great deal of the force is expended in knocking 
against the sole or bottom of the bucket. If 
the approach is as shown by Fig. 66, the im- 
petus is directed onto the float, or division 
between the buckets, and the speed of water is 
increased by the distance fallen. From this 
we glean that the same quantity of water will, 
in the latter case, exert a greater power and 
enter the wheel in a thinner or shallower stream. 
If the velocity in the feed trough is, say 4^ ft. 
per second, and at the moment of striking the 
float double that, or 9 ft, the thickness of the 
stream would be about one-half at the moment 
of impact. 

To estimate the power of a breast wheel we 
first find the contents of the buckets, the 



Io6 PUMPS. 

quantity of water used and the height from 
which it falls. Assuming a wheel 6 ft. in 
diameter, the buckets i ft. long and 9 in. deep, 
the rim velocity to be 3 ft. per second. The 
mean diameter, measured in the centre of the 
buckets, would be 5 It. 3 in., and the circum- 
ference at that part 5 ft. 3 in. or 5*25 ft. x 3.1416= 
i6'5 ft. The approximate contents if filled 
would be i6*5 x i f t. x 75 ft. = 12*375 cubic feet, 
or 773 lbs. 

The rim velocity being 3 ft per second the 
wheel revolves 628 times per minute and 
773x6*28 =4854*44, to which add i -4th as an 
allowance for waste equals 4854*44+ 12 I3'6i = 
6068 lbs. of water per minute required to work 
the wheel under the given conditions as to 
speed. 

The total height the water falls may be taken 
from the surface in the channel, measured a 
short distance back from the outlet or mouth 
to the bottom edge of the wheel, or say, 3 ft. 
The net quantity of water utilised being 4854 lbs., 

which X 3 = 14562 foot-pounds or — ^ — = 

33000 

•44 h.p. as the estimated power of the wheel. 

From this should be deducted an allowance 

for friction and excess of power over load, 

which for approximation we may take as i-3rd. 

Then 14562 -7-3 =4654 and 14562— 465 4 =9708 or 

^^^ - = '294 net. h.p. 
33000 

The power transferred to the pump can be 
found in nearly the same manner as we did for 
the overshot wheel. The diameter being 6 the 
radius is 3 ft. The weight of water is about 
that contained in one quarter of the wheel, as 
will be seen on reference to Fig. 65. The 
whole of the buckets, if filled, we have already 
found to contain 1 2*375 cubic feet, which -^4 = 
3*093, or say 3 cubic feet, or 187*5 lbs. >" one 
quarter of the wheel. For an approximation we 
may take it that the weight hangs half-way on 
a horizontal line drawn from the axis to the 
outer rim or at a distance of 18 in. from the 
axle. 
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For finding the diameter of the pump the 
wheel would work 
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C X '34 X H 

In which W = weight on wheel in lbs. 

L = distance of weight from axis in 

inches. 
C = Length of crank, say, 4 in. 
•34 = weight of water in i ft. of i in. 

pipe. 
H = height the water is to be raised 

in feet 
D = diameter of barrel in inches. 

Then D = ^ jMZl!=iq=49.6 
^ 4x34x50 1-36 

and /49*6=7'o4, or say 7 in. the diameter of 
the barrel. 

The actual working size would be less than 
this, as such wheels never develop their full 
working power. 

To find the quantity of water that the pump 
would raise in a given time the rule is : — 

Q = D^xSx*o34xN. 

In which D = the diameter of the pump in 

inches. 
S=the length of stroke m feet. 
*034=: gallons in i ft. of i in. pipe. 
N = number of strokes per minute. 

Then Q = 7 - x 66 x '034 x 6*28 =6*9 gals, per 
minute, or 414 gals, per hour. 

For percentage of work done by wheel : 

The contents if all the buckets were filled we 
found to be 12*375 cubic feet, and as they are 
filled 628 times per minute, we have 11*375 x 
6'28x6'25X3 = i457i5625 foot-gallons. 

And 6*9 X 50=345 foot-gallons raised. 

. •. 1457*15 : 100 : : 345 : 23*68 nearly. 

As the wheel is lifting during only one half 
of its revolution it follows that half the power is 
wasted. This could be utilised, and twice the 
quantity of water raised by using a double 
barrel, or a double action, pump. 

Compared with an overshot a breast wheel is 
generally assumed to have about 5-6ths the 
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power, but a great deal depends upon the 
height to which it is loaded. 

Undershot Wheels. 

When the water runs beneath the wheel, and 
acts by impulse only, it is known as an ** under- 
shot " and its power is usually considered to be 
half that of an overshot. These wheels can be 
fixed in streams and be turned by the current. 
Where large volumes of water are available, 
but the streams are shallow, or have very little 
fall, they are frequently used for pumping water, 
although they are what may be termed extrava- 
gant in the quantity utilised for power. 

Where the stream for turning an undershot 
wheel is wide and shallow, the water should be 
brought together in what may be called a com- 
pact current by means of walls, embankments, 
or other enclosing boundaries as shown by Fig. 
67. Or if the whole of the water is unneces- 
sary for working, the wheel can be fixed in a 
side stream, as Fig. 68. The latter is the best. 
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Fig. 67. 

as by dropping ihe sluice at A the wheel B can 
be thrown out of use when desired. C is a weir 
for damming back the water lor getting a 
" head." A further advantage of this arrange- 
ment is, that where the stream is affected by 
storms the excess of water can flow over the 
weir without affecting the wheel. At D is an 
iron strainer for intercepting floating matters 
which would clog the wheel. 

Many wheels have the " floats" radiating from 
the periphery, or the flat rim, in the same lines 
that the spokes radiate from the axis, but it is 
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doubtful if this is the best method to adopt 
When the floats are rising, on the side opposite 
to the current, they sometimes "piclc-up " a por- 
tion of the water, and the weight of this detracts 
from the power of the wheel. When they are 
of the form shown in the breast wheel, Fig. 65, 
the water is not carried up to such a great 
extent. 

With what may be called right angle floats 
the water strikes against them with a shock, 
rises up a short distance by momentum, and 
adds slightly to the head. But this extra head 
is not all gain, as a portion of the power is ex- 
pended in raising the water to the higher level. 
This may be only two or three inches, but it is 
still a slight waste of the power, although to a 
certain extent compensated by the after down- 
ward pressure. With the floats as Figs. 65 and 
66 the water glides in and ** dings'* to the 
wheel for a longer time, or until the float has 
risen clear of the tail water, so that more ol the 
force is utilised. 

When calculating the power of a current it is 
necessary to first find the velocity. This is best 
done by placing a weighted float, so that the 
bottom as well as the surface, or the mean, 
velocity can be measured, and noting the time 
it takes to float a given distance, such as two 
stakes a measured distance apart driven into the 
bed of the stream in a line with the current. 
The quantity can then be calculated from 
measurements taken of the depth and width, and 
making an allowance for alteration in depth and 
speed as it approaches the wheel. 

With an undershot wheel the water presses 
against the floats, and the pressure multiplied 
by the area of the surface pressed against equals 
one factor for calculating the power. 

The rule for finding the velocity of falling 
bodies is applicable to this case, and is as 
follows : — 

The square root of the height fallen in feet x 8 
=-velocHy in feet per second. 

Or, if we know the velocity, to find the height 
fallen : — Divide the velocity by 8 and square the 
result^ which gives the answer in feet. 



Example : If the water hns a velocity of 8 (u 
per second, then 8-r8 = i, and i- = i loot, the 
head lo create the given velocity. Or ^f the 
head is 4 ft. then ►^ = 2, and 2x8=16 ft the 
theoretical velocity In feet per second. 

A cubic foot of water weighs 62llbs., and 
exerts that pressure oa each foot of surface ex- 




FiG. 68. 

posed to it for every foot of head, and in a 
stream resists an equal pressure behind it, being 
itself pushed against. 

In practice the floats should not be totally im- 
mersed, or the back-waler would react against 
(hem and retard their movement. And neither 
should they be so deep as to dajh against the 
water as they enter the current. 

When calculating the power of an undetshot 
wheel the pressure against the first float, which 
is immersed in the current, only is used. To feed 
(he water lo the best advantage a sluice should 
be fixed for (he water to pass beneath and 
strike the floats when they are approaching (he 
position immediately under the axle. If the 
sluice is opened so that the water passing be- 
neath is 6 in. deep, and is travelling at (he rate 
of S ft. per second, then the head must be 1 ft. 
to get that speed. The he. id is measured from 
the surlace of the water on the uooer side of 
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the sluice to the middle of the opening of the 
latter, so that the actual depth of the higher 
water is 15 in. 

To work out the power of a wheel we may 
assume a small one 5 ft. in diameter, or 4 ft. 4 in. 
as a mean when measured between the floats at 
half their depths, and having shrouds or sides 
I ft apart. If the velocity of the water is 8 ft. 
that of the wheel should be about i-3rd, or say 
2*66 it. per second. 

The mean diameter being 4 ft. 4 in. we have 
4 ft. 4 in., or say 4*33 x 3*1416= 13*6 the mean 

circumference, and -^ ^=1176 revolutions 

13*6x3 

per minute. Such a wheel would have about 27 

floats and 1176x27 = 317*5, or say 317 floats 

exposed to the action of the water in one minute. 

Then 60-7-317=019 nearly of a second each 

float is acted upon. 

The stream being i ft. wide x 6 in. deep and 
travelling at the rate of 8 ft. per second =4 cubic 
feet which X 621=250 lbs. of water per second 
passing under the sluice. Then 19-iooth of 
250=47*5 lbs. of power exerted on each float as 
it becomes exposed to the full influence of the 
water. But the full force is not utilised owing 
to the wheel being in motion and not at rest. 
The water travelling at the rate of 8 ft. and the 
wheel i-3rd of that, or 2*66 per second, the speed 
of the former is as 2 is to i for the latter. And 
we may assume that only 2-3rds of the power 
is utilised. Then 2-3rds of 47*5 =31 '66 lbs. as the 
actual water power acting on the wheel in the 
same manner as one or two men working at a 
winch. 

The mean distance from the axle of the wheel 
being 30 — 4=26 in. and 31*66x26 = 823*1 6 inch- 
lbs, acting on the axle to turn it round. It we 
allow i-3rd of this as being absorbed by friction, 
and as an allowance for power in excess of load, 
then2-3rdsof823'i6 = 548 77, orsay 548 inch-lbs. 
as being the effective power. 

To And the diameter of the pump that such a 
wheel would work we must flrst know to what 
height the water is to be raised and the length 
oi the stroke, from which we And the length of 
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the crank. Assuming these to be 80 ft and 5 in. 

respectively, the diameter= a/ 54§ =3 

^ •34x80x2*5 

8 and l^=2'8 in. the pump's diameter. 

As very lew surface streams can be depended 
upon to give a constant and regular supply the 
size of the pump should not be calculated on 
the maximum but on the minimum, or when the 
stream yields the lowest quantity of water. In 
many cases the above size for the pump should 
be 2 in., and in others only i^ in. 

In the above calculations no allowance was 
made for friction of the water in the channel nor 
for the water which passed the wheel without 
doing duty and which cannot be avoided, no 
matter how well the wheel fits the race or enclos- 
ing walls. 

We have before worked out the quantities of 
water that can be raised by pumps under vary- 
ing conditions, but for the sake of the practice 
we will deal with the one above, but taking it as 
being 2 in. in diameter. 

The pump having a 2 in. barrel with 5 in. 
stroke, worked at the rate of 11*76 strokes per 
minute. Then 22 x 034 x 5-12 x 1176 •- '66 
gallons raised per minute, or 39*6 per hour, or 
959*4 per ^^y of 24 hours. 

The water for turning the wheel being 
8x I X '5 X 6*2 5x60 =1500 gallons per minute, 
and the quantity raised *66, the latter is equal to 
only I -2272nd part of the whole quantity used. 

The same wheel would work a double-action 
or a double-barrel pump, and thus raise twice 
the quantity in the same time, or if a treble- 
barrel pump were used three times the quantity 
would be raised with about the same expenditure 
of power. 

As water wheels are usually fixed in valleys, 
or other positions lower than the houses, and 
frequently a considerable distance away, good 
size air vessels and small emptying cocks should 
be fixed on the delivery pipes as close to the 
pumps as possible. One form of a double-action 
pump and connection to the wheel is shown by 
Fig. 69, in which £ is the pump, F the air 
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vessel, G the emptying cock, H the delivery 
pipe, I the suction pipe, J the plunger rod 
worked between guides, and K the wheel. 

The power of an undershot is generally 
assumed to be about half that of an overshot 
wheel 

In most places wheels are used for pumping a 
portion of the water which dtives them, but 
many streams are totally unfit for domestic use, 
or for drinking. In 3uch cases the unsuitable 




Fig. 69. 

water can be utilised for turning a wheel and a 
pump or pumps, attached to the latter, can be 
made to raise water from a small spring, or well, 
which is pure and available. 

Having dealt in an elementary manner with 
water wheels we can now pass on to other kinds 
of methods of raising water. 

Chain Pumps, 

A chain pump consists of a barrel which is 
parallel from the spout to the bottom, the latter 
being bell-mouthed, and an endless chain or 
short rods jointed together, on which discs of 
wood or iron are fixed at intervals. Over the 
top of the pump a wheel is fixed, as shown at 

I 



I^ Fig. 70. This is turned by a crmk handle, 
01 winch, M. The discs St the barrel loosely, 
or not $0 tight as to cause excessive friction 
which would make the pump difficult to woric 




The bottom of the barrel is mmersed in thi 
licjuid tu tie pumped so that t is filled tor somi 
distance Od turn ng the handle the hquid i: 
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carried up by the discs, when more runs in to 
be again taken up by the following discs. 
Some pumps have a hood over the top and the 
upper portion of the return chain enclosed, as 
shown by the dotted lines. These pumps are 
used principally for emptying cesspools or 
pumping water with which mud and sand is 
mixed. 

They are fixed on planks, or tripod stands, 
with the spout high enough for discharging into 
mud, or nightsoil, carts. Although usually made 
of iron, and the barrel is round, contractors 
sometimes make them square in section of 
boards nailed together, and square wooden 
discs are used. The iron pumps, about 3 in. in 
diameter, are worked by hand, but large size 
contractor's pumps are sometimes turned by 
steam engines. These appliances are not 
suitable for raising water to great heights, and 
neither should they be worked at a very low 
speed as the amount of ** slip " is considerable. 

With regard to the power to work them, 
assume, as an example, that the spout is 10 ft. 
above the surface of the liquid in the cesspool 
or sump, and the pump has a 3 in. barrel. 
After turnmg the handle a few times until the 
barrel is filled there would be a column of 
liquid 3 in. in diameter and 10 ft. long. This 
liquid would probably be heavier than water, 
and if we assume that a cubic foot weighed 
66 lbs., then the weight to be lifted would be : — 

If the wheel which supported and turned the 
disc chain was 12 in. in diameter, the weight of 
the contents of the barrel would be suspended 
at a distince of 6 in. from the centre of the axle. 
And 32*39 X 6 in. = i94"34 inch-lbs. of resistance 
to be overcome. To this should be added an 
allowance for friction (which varies with the 
matter being lifted) and excess of power over 
load. If we assume that these combined just 
doubled the load, then the power to raise it 
should be not less than I96'34 x 2= 388*68 inch- 
lbs. If the winch handle is 18 in. long, then 

I 2 
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388*68—18 = 21 •6 nearly lbs. of power to be 
applied to the handle to work the pump with 
useful effect. 

The quantity of liquid raised by these pumps 
is governed by the speed at which they are 
worked, and an ample allowance made for slip, 
or water escaping past the discs. 

If the wheel is ift. in diameter, and turned at 
the rate of 25 times per minute, then i x 3*1416 
X 25 = 78*54 ft. which equals the length of a 
column of liquid 3 in. in diameter raised per 
mmute. 

And 3^ X '034 X 78 '54 = 24 gallons. From th is 
should be deducted, say, Jth for slip, and 24-7-6 
=4 and 24— 4=20 gallons, the actual quantity 
raised in the given time. 

Although not usually practised the chain 
pump could be utilised as a power for moving 
machinery in much the same way as a water 
wheel. If the head of the pump shown by Fig. 
70 was enlarged, the spout removed, and a 
stream of water made to run into the top, the 
weight on the discs would press them down and 
cause the wheel, L, to revolve and turn the crank 
of a pump or any other machinery to which it 
was geared. 

Another machine in which the weight of water 
acts as a motive power is shown by Fig. 71, 
and is known as a " chain of buckets." The 
principle is somewhat similar to an overshot, or 
a breast, wheel, in that one side is loaded with 
water, the weight of which causes the buckets 
on that side to travel downwards. The bucket- 
chain is mounted on two drums, which have 
axles through their centres. The top one, N, is 
geared to any machinery it is desired to turn. 
Either drum can be used for this, but the upper 
one is more firmly gripped by the chain, than 
the lower one. 

The equation for finding the power of this 
appliance is: — 

RxC 

^~WxD 
Where R = the resistance. 
C = length of crank. 
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W= weight of load in buckets. 
D= radius of the wheel. 
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R and W, and C and D, should respectively 
be in the same terms. 

To woik out an^example, assume that the 
loaded buckets contain 100 gallons, or 1000 lbs, 
the wheel is 3 ft. in diameter and the crank 6 in. 




■*"^«»^fe^afcteM^^=g--£=5fe'*^^!3S=-^:=c 



Fig. 71. 

long ; what weight, or resistance, on the crank 
would balance the loaded buckets ? 

-ru 7^ looolbs. X18 in. 

Then R= ^-7^^^ = 3000 lbs. 
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If the appliance had to do work and overcome 
the friction of the moving parts, instead of 
balancing the power, about Ird of R should be 
deducted. 

Then 3000 -r 3 = looo and 3000 — 1000 = 
2000 lbs. representing R, or the load that could 
be lifted. 

The action of the appliance could be reversed 
and made to lift the loaded buckets. Such ap- 
pliances are used for dredging the beds of rivers 
and streams, or for hoisting grain and similar 
matters to higher levels or floors. 

To find the power, using the last values, we 

_.,.,. V 1000 lbs. X i8in. 
have R (or m this case power) = j-. 

= 3000 lbs. as before, but in this case i^rd should 
be added instead of being deducted. Then 
3000 + Jrd of 3000=4000 lbs. of power to be 
applied to the crank continuously to lift the 
loaded buckets. 

If we assume that only 1000 lbs. of power are 
available but the loaded buckets and diameter 
of wheel remain the same, the crank should 
then be longer. To find the length : 
^ 1000 lbs. X 18 in. 

C = — ;7j:j7ik; = 18 m. 

1000 lbs. 

to just balance the load. 

If we again assume that Jrd should be added, 

for reasons before given, then 184-ird of 18 = 

24 in., the length the crank should be to raise 

the buckets under the given conditions. 

The action of water wheels, too, is some- 
times reversed and power applied, by means of 
a crank attached to the axle, to raise water by 
the buckets or floats. Many examples of these 
are found in the fens of Lincolnshire for drain- 
ing the low-lying lands into the main drains 
which are at higher levels. 

Although these do not come under the head- 
ing of plumbers' work a problem can be taken 
with the object of illustratmg the principles. 

For draining the land, sub-soil drains made 
of agricultural pipes, in many cases brushwood, 
or faggots of wood, are used instead of pipes, 
are laid to discharge into ** dykes'* or open 
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ditches, which run round the fields, and tbence 
inio main dykes which are du^ with a tall to- 
wards a point near the high level main drain. 
Here buildings are constructed and powerful 
engines fixed for working ihe wheels or water 
elevators. 

These are fixed between walls, as shown by 
Fig, 72. In the drawing, O is ihc water in the 
main drain and P that in the main dyke which 




Fig. 72. 
is at a lower level. Q is the wheel turned by 
shafting and gearing in connection with the 
steam engine. At K is a pair of doors or "gates," 
similar to lock gales, hung on hinges attached 
to the side walls so as 10 open outwards into the 
main drain. The gates are shown opened back 
into recesses. The dotted lines show them 
closed. When the wheel is being worked and 
the water lifted above that in the main drain, 
the pressure forces them open, but they immedi- 
ately close by the back pressure when the wheel 
is stopped or ceases to raise the low level water. ' 

The water lift, or difference of level between 
the high and low streams, is only a few feet, as 
shown by the sectional drawing, Fig. 73, in 
which the same reference letters are used as in 
Fig. 72. 

If we assume a case of a wheel which has to 
raise water to a level 5 ft higher than the dyke, 
at the rate of 100,000 gallons per hour, the 
floats being i ft. deep, tlie wheel's diameter 
12ft., and revolving five limes per minute. To 
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Ciad the widih the wheel should be we proceed 
as follows ; 

. Although 100,000 gallons have to be raised 
the wheel must be capable of raising that 
quantity plus that which escapes back owing to 
the difficuhy of constructing the enclosing walls 
so that there shall he no waste. This quantity 
varies very much, but if we assume it to be 
I-5tb of the total we then bave 100,000 -H 
15^^=120,000 gallons in all, and the wheel 
should be capable of raising that quantity in the 




Fig. 73, 

f[iveii time, although only 100,000 are actually 
ifled or delivered into the main drain. 

We can now proceed to find what a wheel 
1 ft. wide would do and from that find the actual 
width required. 

For the contents of the buckets, or the 
quantity they hold, the simplest method will be 
to tirst find how much the wheel would hold 
when considered as a cylinder and deduct the 
centre portion. 

Then i2^X4'9=7o5-6 gallons. 

And io''x4-9=49o'o gallons. 
 .*. 705-6— 490'o=2i5-6galtons. 

The wheel has 24 floats and these being ift. 
X I (t X li in. thick=3 cubic feet ol space occu- 
pied by them. Then 3x6-s = iS 75 gallons 
to be deducted, and 2i5'6 — 1875 = 
196-85 gallons the net contents of the buckets. 
As I-5th of the water escapes back, [ben 

2 gallons. 
3 5 times per minute and 
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236*22 X 5 X 60=70866 gallons the gross quantity 
raised per hour with a wheel one foot wide. 

T 20000 

Then — ^rz- "= ^ '693 or i ft. 8i in. nearly, the 

width of the wheel to raise the given quantity 
per hour under the assumed conditions. 

The h.p. of the engine necessary to work the 
above wheel, assuming one h.p. to be equal to 
33,000 lbs. raised one foot high in one minute 
would be : 

120,000 gallons X 10 lbs, x 5 ft. ^__ 

33,000 ft. lbs. per minute X 60 minutes "-^ '^' 
to which should be added ^rd for overcoming 
friction and excess of power over load = 4 h.p. 

In practice, an engine double this, or say 
8 h.p., would be neressary. 

This has been only a very elementary pro- 
blem, but it has served to further elucidate the 
power of water wheels and the resistance which 
has to be overcome when raising water to higher 
levels. 

We have now considered the theory and 
practice of pumps and their working in all 
bearings of interest to plumbers, and I hope I 
have made myself clear in the details. 

A great deal more could be said and written 
about them, but it is doubtful if any advantage 
would be gained by continuing this branch of 
our subject. 

Appended are tables, for reference by practical 
men, of sizes of pumps and the theoretical 
quantity of water that they will raise. Also of 
pressures to be overcome when raising water to 
any height within the scope of ordinary 
practice. 
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Easy Rules for Finding Approximatf.ly 

THE Quantity in Gallons Discharged 

BY Pumps per Hour* 

Single Pumps. 

Worked at 20 s'rokes per minute. 
Diameter' by 204 for 6 in. stroke. 
„ „ 27-2 „ Sin. „ 

» n 30*6 )> 9|n' »» 

it »> 340 II 10 in. „ 

„ ,, 40*8 ,, 12 in. ,, 

Worked at 25 strokes per minute. 
Diameter'^ by 25*5 for 6 in. stroke. 
i> 11 34*0 >> 8 in. „ 

» » 38*25 „ 9 in. „ 

„ „ 425 „ lom. „ 

„ „ 51-0 „ 12 in. „ 

Double Pumps. 

Worked at 20 strokes per minute. 
Diameter^ by 40*8 for 6 in. stroke. 
,i )i 54*4 n 8 in. „ 

„ „ 61-2 „ 9 in. „ 

„ ,, 680 „ loin. „ 

., n 81 -6 „ 12 in. „ 

Worked at 25 strokes per minute. 
Diameter"'* by 51*0 for 6 in. stroke. 
,, „ 680 „ 8 in. ,, 

,> M 76-5 II 9 in. „ 

n II 850 „ 10 in. „ 

,, „ 1020 „ 12 in. „ 

Treble Pumps. 
Worked at 20 strokes per minute. 

Diameter^ by 61 2 for 6 in. stroke. 

,, ,, 8i'6 ,, Sin. ,, 

,1 II 91*8 „ 9 in. „ 

„ „ 1020 „ 10 in. „ 

„ „ 122*4 „ 12 in. ., 

Worked at 25 strokes per minute. 
Diameter^* by 76-5 for 6 in. „ 
„ „ 1020 „ Sin. „ 

„ „ 11475 ,, 9 in. „ 

„ II 127*5 .. loin. II 

II >i 1530 »» 12 in. ,, 

The following tables are based on the fore- 
going rules. 
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TABLE I. 
Single Pu.mps. — Worked ot 20 strokes per minute. 



Diameter 
in inches. 


Gallons raised per Hour. 


6in. 
stroke. 


Sin. 
stroke. 


Qin. 
stroke. 


loin. 
stroke. 


i2in. 
stroke. 


2 

3 
3J 
4 
4i 

• I 

7 
8 

9 
10 

12 


81 
127 

183 
250 
326 

413 
510 

734 

999 

1305 

1652 

2040 
2937 


102 
170 

244 

333 

435 

550 
680 

979 
1332 
1740 
2203 
2720 
3916 


122 
191 

275 

374 

489 
619 

765 

IIOI 

1499 

1958 
2478 

3060 
4406 


136 
212 
306 
416 

544 
688 

850 

1224 

1666 

2176 

2754 
3400 

4896 


163 

255 

367 

499 
652 

826 

1020 

1468 

1999 

261 1 

3304 
4080 

5875 



TABLE IL 
Single Pumps.— Worked at 25 strokes per minute. 



Diameter 
in inches. 


Gallons raised per Hour. 1 


6in. 
stroke. 


Sin. 
stroke 


Qin. 
stroke. 


zoin. 
stroke. 


Z2in. 
stroke. 

204 

318 

459 
624 

816 

1032 

1275 
1836 

2499 
3264 

4131 
5100 

7344 


2 
2i 

3 

34 
4 
4i 

1 

7 
8 

9 
10 

12 


102 

159 
229 

3'2 

408 

516 

637 
918 

1249 

1632 
2065 

2550 
3672 


136 
212 
306 
416 

544 
688 

850 
1224 
1666 
2176 

2754 
3400 

4896 


153 

239 

344 
468 

612 

774 
956 

1377 
1874 
2448 

3098 

3825 
5508 


170 
265 
382 
520 
680 
860 
1062 

1530 
20S2 
2720 

3442 
4250 
6120 



Kotb. — These tables also give the quantity raised by a 
double- barrel pump with wheel and pinion motion geared 
2 to I, or a treble-barrel pump geared 3 to z, when the crank 
shaft revolves ao and 25 times per minute. 
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TABLE III. 

Double Pomps. 

Worked at 20 strokes per minute. 



Diameter 
1 inches. 


Gallons raised per Hour. 1 


6in. 


Sin. 


gin. 


loln. 


Xirin. 


• M 


strok !. 


stroke. 


stroke. 


stroke. 


stroke. 


2 


163 


216 


244 


272 


326 


24 


255 


340 


382 


424 


510 


3 


367 


488 


550 


612 


734 


31 


499 


666 


748 


832 


998 


4 


652 


870 


978 


1088 


13C4 


44 


826 


1 100 


1238 


1376 


1652 


5 


1020 


1360 


1530 


1700 


2040 


6 


1468 


1958 


2202 


2448 


2936 


7 


1999 


2664 


299S 


3332 


3998 


8 


261 1 


3480 


3916 


4352 


5222 


9 


3304 


4406 


4956 


5508 


660S 


10 


4080 


5440 


6120 


68co 


8160 


12 


5875 


7832 


8812 


9792 


"750 



TABLE IV. 
Double Pumps. 
Worked at 25 strokes per minute. 



Diameter 
1 inches. 


Gallons raised per Hour. 


6in. 


8in. 


gin. 


xoin. 


i2in. 


'-.S 


stroke. 


stroke. 


stroke. 


stroke. 


stroke. 


2 


204 


272 


306 


340 


408 


24 


318 


424 


478 


530 


637 


3 


459 


612 


688 


764 


918 


3^ 


624 


832 


936 


1040 


1258 


4 


816 


1088 


1224 


1360 


1632 


44 


1032 


1376 


1548 


1720 


2065 


5 


1275 


171O 


I912 


2124 


2550 


6 


1836 


2448 


2754 


3060 


3672 


7 


2499 


3332 


3748 


4165 


4998 


8 


3264 


4352 


4896 


5440 


6528 


9 


4131 


55c8 


6196 


6J^84 


8262 


10 


5100 


6800 


7650 


850 D 


10200 


12 


7344 


9792 


IIO16 


12240 


14688 



TABLES. 

TABLE V. 

Treble Pumps. 

Worked at 20 strokes per minute. 
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Diameter 
in inches. 


Gallons raised per Hour. 


6in. 
stroke. 


8in. 
stroke. 


9in. 
stroke. 


xoin. 
stroke. 


i2in. 
stroke. 


2 
2i 

3 

3i 

4 

44 

5 
6 

7 
8 

9 
10 

12 


244 
382 
540 

749 

979 

1239 

1530 

2203 

2998 
3916 

4957 
6120 

8812 


326 
510 

734 

999 

1305 
1652 

2040 

2937 
3998 
5222 
6609 
8160 
1 1 750 


367 

573 

826 

1 124 

1468 

1858 

2295 
3244 
4498 

5875 

7435 
9180 

13219 


408 

637 
918 

1249 
1632 
2065 
2550 
3672 
4998 
6528 
8262 
10200 
14688 


489 

765 

IIOI 

1499 
1958 
2478 
3060 
4406 
5996 

7833 
9914 

12240 

17625 



TABLE VL 

Treble Pumps. 

Worked at 25 strokes per minute. 



Diameter 
1 inches. 


Gallons raised per Hour. 1 


Cin. 


8in. 


gin. 


icin. 


i2in. 


" .5 


stroke. 


stroke. 


stroke'. 


stroke. 


stroke. 


2 


306 


408 


459 


510 


612 


24 


477 


636 


1^1 


796 


954 


3, 


688 


918 


1032 


1 147 


"^yii 


34 


937 


1249 


1405 


I561 


1874 


4 


1224 


1632 


1836 


2040 


2448 


44 


1549 


2065 


2323 


2s8i 


3098 


5 


1912 


2550 


2S68 


3187 


3825 


6 


2754 


3672 


4I3I 


4590 


5508 


7 


3748 


4998 


5622 


6247 


7497 


8 


4896 


6528 


7344 


8160 


9792 


9 


6196 


8262 


9294 


10327 


12393 


10 


7650 


10200 


"475 


12750 


15300 


12 


11016 


14688 


16524 


18360 


22032 
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TABLE VII. 

Pressure in lbs. to be overcome in raising water by pump- 
ing from lo to 200 (I. perpendicular, measured from suiface 
of water in well or reservoir to delivery tank. 

Rule. — Diameter in inches squared X '34 ^or each foot 
vertical height. 



1 Height 
1 in feet. 


2 8 ^%S^ °<8 8.8 2 8 §.§.S>«8 R5 §>§ 


Diameters of Barrels. 

1 
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Action of Air Vessel, 51 
„ Pumps, 9, 17 
,, Syphons, 15, 17 
Advantage of Air Vessel, 55 

,, „ „ in Suction Pipe, 25, 26 

,, ,, ,, on Delivery Pipe, 50 

,, of Plumbers' Force Pump, 81 

Air Compression, 48, 51 
„ Pressure of, 1 1 
„ Vessel, 24, 48 

„ ,, on Treble Barrel Pumps, 76 
Allowance for " Slip," 28 
Archimedes and Levers, 77 
Atmospheric Pressure, 9, 51 

M » Table, 53 

Balance, A, 18 
Barometer, 10 

,, Readings, 2 
Beam Engine for Working Pumps, 95 
Boiler Testing, 82, 83 
Boiling Point of Water, 15 

,, Water and Length of Suction, 14 

,, ,, ,, Steam in Suction, 13 

"Boyle's Law," 51 
„ Tube, 52 
Brass Pumps, 39 
Breast Wheel, 103, 104 
Bucket, Friction ».i, 21 

„ Rod Corrosion, 32 

,, ,, Thickness, 32 

„ Water Wheels, 97, loj 

,, Wheels, 118, 119 

Capacity of Air Vesse's, 76 
Capstan and Shafts, 91 
' ast Iron Jack Punips, 3q, 40 
Chain of Buckets, 116 
„ Pumps, 113, 114 
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Combined Lift and Force Pumps, 87 
Compound Pump Handle, 37 
Constant of Man's Strength, 70 
Construction of Jack Pump, 2 
Contractors' Pump, 39 
Corrosion of Bucket Rod, 32 
Counterpoise on Fly- Wheel, 62 

Deep Well Pumps, 65 

Description of Vacuum, 67 

Description of Water Wheels, 97 

Diagram of Compression in Air Vessel, 54 

Direct Action Steam Pumps, 95 

Distance of Water Below Pump, 14 

Distance Travelled by Hands when Pumping, 21, 

22. 23 
Door for Access to Sucker, 34 
Double Action Pump, 87 

Barrel Pump, 66 

Handle Pump, 39 
Winch, 73 
Duly Performed by Bucket Wheels, 120, 121 
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Eftective Duty of Pumps Worked by Water Wheels, 

lOi, 112 
Examples of Duty of Pumps, 74, 76, 77, 83, 92 

,, of Power of Water Wheels, 100, loi, 106, 

107, III, 112 
External Pressure on Suction Pipe, 29 
Extra Effort when Starting Pumping, 54 

« 

Feather Sucker Valve, 35 

Fixing Sucker, 6 

Flexible Suction, 40 

Floats, Water Wheel, 97, 108, 109, iio 

Fly Wheel to Pump, 61 

Foot Valve on Suction, 67 

Force Pump and Pipe Testing, 82 

„ Pumps, 77, 78 
Friction in Cast Iron Pipes, 68 
,, of Bucket, 21 

Gain of Power by Gearing Pumps, 63, 72 
Galvanised Iron Pumps, 39 
Gas Engine for Pumps, 95 
Gearing of Pumps, 7 1 

,, Water Wheels, 103 
Gun Metal Pumps, 39 
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Handle, Length of, 20, 21 

,, Mounted on Swivel, 42 
„ Power of Man at, 31 



Handles for Pumps, 21 

„ Strength of, 30 

,, Wear on Pin, 31 
Home Made Lift Pump, 45 
Hopper Head instead of Air Vessel, 55 
Horizontal Force Pumps, 86 
Horse Power, 90 
Hose Suction, 40 
Hot Air Engine for Pumps, 95 

,, Liquor Pumps, 43 
Hydraulic Engines, 96 



Inertia of Water, 24, 48 

Instrument for Demonstrating Pressure ol Atmo- 
sphere, 10, 12 
Iron Well Rods, 68 • 

Joint t(^ Suction, 5 

Lead, Action of Lime on, 30 

,, Jack Pump, 2 
Leaking Suction, 4 
Leather for Pumps, 7 
Length of Handle, 20, 21 
„ Iron Well Rod, 68 
,, Pump Suction for Sea Water, 15 
Levers, 19 

Lift and Force Pump, 87 
,, Pump on Plank, 58 
,, ,, Size of Handle, 57 

>» >» 44» 47 
Lime, Action on Lead, 30 

Limit of Suction, 13 

„ Syphon, 15 

Long Barrel Pump, 33, 36 

Loss of Power by Improperly connecting Rods, 64 

Man's Power at a Pump 19 
,, „ Compared to Horse- Power, 90 
,, ,, When Carrying Loads, 69 

Mercury, Specific Gravity, 15 

Mischievous Children Injure Pump, 9 

Mounting Bucket Rod, 7 

Noise When Pumping, 56 
Number of Men to Work Pump, 72 

K 
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Oak Cleats as Rod Guides, 66 
Oscillation of Pump Rods, 62 
Overshot Wheel, 95 

Petroleum Engines for Pumping, 95 

Pipe Testing, 82 '\ 

Plumbers* Force Pumps, 78 
Position of Water Wheels, 112 
Power for Working Pumps, 90 
„ of a Lever, 19 
„ Breast- Wheel, 105, 106 

a Compound Pump Handle, 37, 38 
Handles, 23 
Man at Handle, 31 
Man at Pump, 19 
,. Men at ,, 94 
,, Man at Winch, 59 
„ Overshot Wheel, 99 

Winch, 58 
,, Standard of, 70 

,, to Remove Obstruction in Pipe, 80 
,, to Work Chain of Buckets, 118 
„ „ „ Pumps, 115 

„ „ Pump, 17 

Piessure by Force Pump, 79 

,, of Air, II 
Pump, Action of, 9 
„ Bucket, 7 
,, Contractor's, 39 
,, Fixed on Base Bracket, 42 
,, Handles, 21 
,, Power to Work, 17 
,, for Hot Liquors, 43 
„ Jack, I 
„ Suction, 4 
„ Useful Effect, 27 
„ with Double Handle, 39 
„ „ Long Barrel, 33, 36 
,, ,, Two Nozzles, 36 

Quantity of Water Raised by Pump, 26, 27, 29, 74, 

76, 77, 100, 107, 112, 116, 120, 123 
Quilted Canvas Cups, 44 

„ Flanges for Hot Liquors, 44 

Relative Weights of Mercury and Water, 12 
Relief Valve on Delivery Pipe, 47 
Rocking Bar to Pump Rods, 62 
Rod Couplings, 68, 71 
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Rod Guides, 66 
„ Rattles in Well, 66 
Roller Guides, 66 
Rules for Finding Effective Duty of Pumps, 122 

Sandy Soils, 4 
Sea Level, 9 

„ Water and Length of Suction, 15 
,, ,, Specific Gravity of, 15 
Shroud's Water Wheels, 97, 102, 104 
Size of Lift Pump Handles, 57 

„ Suction, 9, 23 
Sling and Guide, 48, 79 
"Slip," 28, 36 
Soldering Nozzle to Head, 8 
Specific Gravity of Mercury, 13 

„ ,, Sea Water, 15 

Spindle Valve, 36, 79 
Standard of Power, 70 
Steam in Suction, 15 

,, Power for Pump, 94 
Stream, to Measure Velocity of, 109 
Strength of Bucket Rod, 32 
„ Handle, 30 

,, Materials for Force Pumps, 84 
Sucker, Access Door for, 34 

„ Leathers, 41 

„ Rod, 5 

„ and Valves, 35, 36 
Suction, External Pressure on, 29 

,, Foot Valve on, 67, 70 

„ Limit of Height, 13 

„ Pipe, Air Vessel on, 25 

„ Weight of, 29 

„ Size of, 23 

„ Strainer, 5, 67 
Syphons, 15 

Table of Sizes of Pipes for Deep Well Pumps, 69 
,, Pressure to be Overcome when Pumping, 126 
,, Water Raised by Pumps, 123, 124, 125, 126 
Taking out Sucker, 6 

Theoretical v^ Actual Work Done by Pump, 28 
Thickness of Bucket Rod, 31 

,, Force Pump Barrel, 84, 85 

„ Iron Well Rods, 68 

„ Lead Suction, 29 

Three Throw Crank, 74, 75 
Treble Barrel Pump, 74 
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Undershot Wheel, io8 

Unstopping Waste Pipe by Force Pump, 79 

Useful Effect of Pump, 27 

Use of Air Vessel, 55 

,, Foot Valve on Suction, 68, 70 

Vacuum Described, 17 
Valve on Delivery Pipe, 47 
Valves and Suckers, 35 
Velocity Increases Friction, 23 

„ of S' ream to Feed Water Wheel, 104, 109 
Vibrating Link, 79 
„ Standard, 48 

Water Barometer, 12 

„ Inertia of, 24 

,, Power for Working Pumps, 96 

,, " Pushed '* up the Suction, 16 

„ Raised by Pump, 26, 61 

„ Wheels, 96 
Weather Glass, lo 
Wearing away of Handle, 31 
Weight Lifted when Pumping, 20, 32, 60, 126 
,, of Mercury, 12 
„ Suction Pipes, 22 
Wheel and Pinion, 70, 73 
Winch Handle to Lift Pump, 58 

,, Power of Man at, 59 
Work Done by Chain Pump, 115, 116 

,, „ Chain of Buckets, 167 

Working Height of Suction, 14 
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